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(57) ABSTRACT 
Prosthetic capsular devices (e.g., bag, bowl, housing, struc 
ture, cage, frame) include technology devices such as a 
computer, virtual reality device, display device, WiFi/inter 
net access device, image receiving device, biometric sensor 
device, game device, image viewers or senders, GPSs, 
e-mail devices, combinations thereof, and/or the like. The 
technology devices can be used in combination with an 
intraocular lens. The output from the technology device(s) 
can be fed to the retina of the user to provide a visual image, 
can be otherwise connected to the user, and/or can be used 
to control the properties of the intraocular lens or of the 
prosthetic capsular device. Wearable technology that pro 
vides biometric data, Such as blood glucose levels, body 
temperature, electrolyte balance, heart rate, EKG, EEG, 
intraocular pressure, sensing ciliary muscle contraction for 
accommodation stimulus, dynamic pupil change and retinal 
prostheses, combinations thereof, and the like can assist in 
technology-assisted health care functions. 
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PROSTHETIC CAPSULAR DEVICES, 
SYSTEMS, AND METHODS 

INCORPORATION BY REFERENCE TO ANY 
PRIORITY APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 14/742.282, filed Jun. 17, 2015, which 
claims priority benefit of U.S. Provisional Patent Applica 
tion No. 62/014,432, filed Jun. 19, 2014, U.S. Provisional 
Patent Application No. 62/114,227, filed Feb. 10, 2015, and 
U.S. Provisional Patent Application No. 62/168,557, filed 
May 29, 2015, and this application is a continuation of U.S. 
patent application Ser. No. 14/797,437, filed Jul. 13, 2015, 
which is a continuation of U.S. patent application Ser. No. 
14/742.282, filed Jun. 17, 2015, which claims priority ben 
efit of U.S. Provisional Patent Application No. 62/014,432, 
filed Jun. 19, 2014, U.S. Provisional Patent Application No. 
62/114,227, filed Feb. 10, 2015, and U.S. Provisional Patent 
Application No. 62/168,557, filed May 29, 2015, each of 
which is incorporated herein by reference in its entirety. Any 
and all applications for which a foreign or domestic priority 
claim is identified in the Application Data Sheet as filed with 
the present application are hereby incorporated by reference 
under 37 C.F.R. S.1.57. 

BACKGROUND 

0002 Technical Field 
0003. The present application relates to prosthetic cap 
Sular devices including wearable electronic technology 
device(s), and methods for insertion into the eye. 
0004. Description of the Art 
0005 Cataract surgery is one of the most successfully 
and most frequently performed Surgical procedures in the 
United States. Each year, millions of people achieve a 
dramatic improvement in their visual function thanks to this 
procedure. With the increasing proportion of the U.S. popu 
lation reaching their retirement years, there is expected to be 
an almost doubling of the demand for cataract Surgery over 
the next twenty years from 3.3 million to over 6 million 
annually. In response to the increased demand, more oph 
thalmologists may be trained and certified to perform cata 
ract Surgery, and each trained and certified ophthalmologist 
may perform more cataract Surgeries each year. 
0006. In addition to the increase in demand for cataract 
Surgery, technological advances have increased patient 
expectations for the Surgery. The procedure takes a short 
amount of time to perform, and patients expect quick 
recovery of visual function. Patients are also asking their 
ophthalmologist to give them the restoration of more youth 
ful vision without glasses through the use multifocal 
intraocular lenses, presbyopia correcting lenses, toric lenses, 
and monovision, to name a few. Despite accurate preopera 
tive measurements and excellent Surgical technique, the 
desired refractive outcome requires a dose of good fortune 
as there are numerous uncontrolled variables involved. As 
many as 20-50% of post-operative cataract patients may 
benefit from glasses or follow-up refractive Surgical 
enhancements to achieve their desired refractive endpoint. 
The reason for this high amount of refractive unpredictabil 
ity is believed to be the final resting position of the lens 
implant in the eye, mathematically expressed as the effective 
lens position (ELP), which can be quite variable and unpre 
dictable in the current state of cataract Surgery. Recently, 
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hundreds of millions of dollars have been invested into 
developing highly Sophisticated femtosecond laser systems 
that are able to more precisely control the size and shape of 
the capsulotomy and corneal incisions with the stated goal of 
lessening the variability of the ELP and thus aiding in better 
refractive outcomes. Unfortunately, the increased precision 
of the femtosecond laser systems have not been able to 
account for the major problem plaguing the variability of the 
ELP, which is the volumetric difference between the cata 
ract, natural capsular bag, and intraocular lens implant 
(IOL). 
0007. A device and method that helps provide the desired 
refractive endpoint in cataract surgery is described in PCT 
Published Patent Application No. WO 2013/126380, Wortz, 
published on Aug. 29, 2013, which is incorporated herein by 
reference in its entirety. 
0008 All patents and other documents referred to in this 
application are incorporated by reference herein in their 
entirety. 

SUMMARY 

0009. Over the past few years, there has been a major 
increase in the presence of and reliance on Small electronic 
devices, such as Smartphones and related wearable technol 
ogy, which can provide the user with functions such as 
internet access, computational ability, computer functional 
ity, e-mail, games, and global positioning system (GPS) 
function. Some of these devices are being miniaturized and 
are sometimes worn on the body, such as Google Glass, 
Microsoft HoloLens, and other head-mounted displays. 
Additionally, wearable technology that provides biometric 
data Such as blood glucose levels, electrolyte balance, heart 
rate, electrocardiogram (EKG), intraocular pressure, sensing 
ciliary muscle contraction for accommodation stimulus, 
dynamic pupil change, and retinal prostheses have been 
developed to assist in technology-assisted health care. Such 
body-mounted devices can be awkward to wear and some 
users might prefer the positioning of the device in the body. 
Certain implementations described herein can provide meth 
ods and devices for placing a electronic device in the eye. 
0010 Certain implementations described herein relate to 
prosthetic capsular devices (e.g., bags as defined in WO 
2013/126380) that can be inserted into an eye. A prosthetic 
capsular device may comprise an anterior Surface including 
an opening, and a posterior Surface. At least a portion of the 
posterior surface includes or is a refractive surface. The 
device includes a wearable electronic technology device 
(e.g., a technology device). The prosthetic capsular device or 
a system comprising the prosthetic capsular device may 
include an intraocular lens or features similar to an IOL, 
Such as may be used in cataract Surgery to replace the natural 
lens. The technology device and the intraocular lens may be 
positioned (e.g., in, around, etc. the prosthetic capsular 
device) such that the technology device does not interfere 
with (e.g., block, distort) the sight lines through the intraocu 
lar lens. 

0011. A retinal prosthesis may be positioned in a pros 
thetic capsular device, and data collected by the prosthesis 
may be remotely transmitted to the optic nerve, for example 
wirelessly. In some implementations in which the retinal 
prosthesis can function as the end receptor of light, the 
retinal prosthesis may interfere with (e.g., block, distort) the 
sight lines through the IOL. 
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0012. A method for inserting a wearable technology 
device (e.g., a technology device) into an eye of a patient 
may comprise Surgically removing a lens or cataract from a 
natural capsule, leaving the natural capsule in an empty 
state; inserting a prosthetic capsular device into the eye of 
the patient (e.g., the prosthetic capsular device including an 
anterior Surface having an opening, and a posterior Surface, 
wherein at least a portion of the posterior surface includes or 
is a refractive Surface); and inserting an electronic technol 
ogy device into the prosthetic capsular device. 
0013 An intraocular lens may also be inserted into the 
prosthetic capsular device, and may be placed in the pros 
thetic capsular device Such that the technology device does 
not interfere with (e.g., block, distort) sight lines through the 
intraocular lens, except optionally in the case of a retinal 
prosthesis. 
0014. The methods summarized above and set forth in 
further detail below may describe certain actions taken by a 
practitioner; however, it should be understood that these 
steps can also include the instruction of those actions by 
another party. Thus, actions such as “inserting an intraocular 
lens into a prosthetic capsular device' include “instructing 
the insertion of an intraocular lens into a prosthetic capsular 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015. A better understanding of the devices and methods 
described herein will be appreciated upon reference to the 
following description in conjunction with the accompanying 
drawings, wherein: 
0016 FIG. 1 depicts a cross-sectional side view of an eye 
including an example of a prosthetic capsular device includ 
ing an IOL: 
0017 FIG. 2 depicts a side view of the example pros 

thetic capsular device shown in FIG. 1; 
0018 FIG.3 depicts an anterior plan view of the example 
prosthetic capsular device shown in FIG. 1; 
0019 FIG. 4A is a flow chart of an example method for 
inserting and positioning a prosthetic capsular device into an 
eye; 
0020 FIGS. 4B-4G are photos of an example method for 
inserting and positioning a prosthetic capsular device into an 
eye; 
0021 FIG. 4H is a side view of an example prosthetic 
capsular device; 
0022 FIG. 4I is an anterior view of the prosthetic cap 
Sular device of FIG. 4H; 
0023 FIG. 4J is a cross-sectional view of the prosthetic 
capsular device of FIG. 4H along the line 4J-4J of FIG. 4I; 
0024 FIG.5 depicts a cross-sectional side view of an eye 
including another example of a prosthetic capsular device 
containing including an IOL: 
0025 FIG. 6 depicts a side view of the example pros 

thetic capsular device shown in FIG. 5; 
0026 FIG. 7 depicts an anterior plan view of the example 
prosthetic capsular device shown in FIG. 5; 
0027 FIG. 8 depicts a side view of an example prosthetic 
capsular device comprising an outer Surface including, 
around a perimeter of the outer Surface, a continuous outer 
rim of tabs (e.g., comprising silicone) each tab including an 
opening in a center of the tab, and the capsular device 
including an internal lip configured to hold haptics of an 
IOL: 

Nov. 24, 2016 

0028 FIG. 9A depicts a side view of another example 
prosthetic capsular device; 
(0029 FIG.9B depicts a side cross-sectional view of the 
prosthetic capsular device of FIG. 9A: 
0030 FIG. 9C depicts a posterior plan view of the 
prosthetic capsular device of FIG. 9A: 
0031 FIG. 9D depicts an anterior side perspective view 
of the prosthetic capsular device of FIG. 9A: 
0032 FIG. 10A depicts a side view of yet another 
example prosthetic capsular device; 
0033 FIG. 10B depicts a side cross-sectional view of the 
prosthetic capsular device of FIG. 10A: 
0034 FIG. 10C depicts a posterior plan view of the 
prosthetic capsular device of FIG. 10A: 
0035 FIG. 10D depicts an anterior side perspective view 
of the prosthetic capsular device of FIG. 10A: 
0036 FIG. 11A depicts a side view of still another 
example prosthetic capsular device; 
0037 FIG. 11B depicts a side cross-sectional view of the 
prosthetic capsular device of FIG. 11A: 
0038 FIG. 11C depicts a posterior plan view of the 
prosthetic capsular device of FIG. 11A: 
0039 FIG. 11D depicts a posterior plan view of still yet 
another example prosthetic capsular device; 
0040 FIG. 11E depicts an anterior side perspective view 
of the prosthetic capsular device of FIG. 11A: 
0041 FIG. 12A depicts a cross-sectional view of an eye 
including an example prosthetic capsular device containing 
including both a technology device and an IOL: 
0042 FIG. 12B depicts a front view of an example 
intraocular lens usable in the example prosthetic capsular 
device shown in FIG. 12A in which the technology device 
Surrounds the outer edge of the IOL (e.g., Surrounds the 
outer edge of the optical surface of the IOL); 
0043 FIG. 12C depicts a top front perspective of the 
example intraocular lens of FIG. 12B: 
0044 FIGS. 13A and 13B are photographs of animal 
study results annotated to highlight certain features; 
0045 FIGS. 14A-14E are photographs of animal study 
results for a right eye of a first rabbit: 
0046 FIGS. 15A-15E are photographs of animal study 
results for a left eye of the first rabbit: 
0047 FIGS. 16A-16E are photographs of animal study 
results for a right eye of a second rabbit: 
0048 FIGS. 17A-17E are photographs of animal study 
results for a left eye of the second rabbit: 
0049 FIGS. 18A-18E are photographs of animal study 
results for a right eye of a third rabbit: 
0050 FIGS. 19A-19E are photographs of animal study 
results for a left eye of the third rabbit: 
0051 FIGS. 20A-20E are photographs of animal study 
results for a right eye of a fourth rabbit: 
0.052 FIGS. 21A-21E are photographs of animal study 
results for a left eye of the fourth rabbit; 
0053 FIGS. 22A-22E are photographs of animal study 
results for a right eye of a fifth rabbit: 
0054 FIGS. 23 A-23E are photographs of animal study 
results for a left eye of the fifth rabbit: 
0055 FIG. 24A is a flowchart of an example of control 
ling focus of an IOL using an external device; 
0056 FIG.24B is a schematic of a system for controlling 
an electronic device using an external device; 
0057 FIG. 24C is a flowchart of an example of control 
ling an electronic device using an external device; 
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0058 FIG. 24D is a flowchart of another example of 
controlling an electronic device using an external device; 
0059 FIG. 24E is a flowchart of another example of 
controlling an electronic device using an external device; 
0060 FIG. 24F is a flowchart of another example of 
controlling an electronic device using an external device; 
and 
0061 FIG. 25 is a block diagram depicting an example 
computer hardware system configured to execute software 
for implementing one or more embodiments of electronic 
device control disclosed herein. 
0062. The patent or application file contains at least one 
drawing executed in color. Copies of this patent or patent 
application publication with color drawing(s) will be pro 
vided by the Office upon request and payment of the 
necessary fee. 

DETAILED DESCRIPTION 

0063 Some prosthetic capsular enclosure devices (e.g., 
prosthetic capsular bags) that can be used in the eye can hold 
at least one of a technology device (e.g., an electronic 
technology device (e.g., a wearable electronic technology 
device (e.g., a miniaturized wearable electronic technology 
device))) and an intraocular lens. 
0064. Examples of preferred prosthetic capsular devices 
that may be compatible with certain implementations 
described herein are disclosed in PCT Published Patent 
Application No. WO 2013/126380, which is incorporated 
herein by reference in its entirety. Some preferred prosthetic 
capsular devices are described herein. 
0065. With reference to FIGS. 1-3, a prosthetic capsular 
device or PPL-C 10 is shown approximating the size, shape, 
and Volume of a natural human lens. The dimensions of the 
prosthetic capsular device 10 may be variable, so that 
physicians may order an implant that most closely matches 
the lens of the eye 12 being operated on. The human lens 
varies in thickness from about 3.5 millimeters (mm) to about 
5.5 mm. A natural lens tends to be thicker in more hyperopic 
eyes and thinner in more myopic eyes. A natural lens 
thickens over time, and increased age is associated with a 
thicker lens on average. The diameter of the human lens is 
about 9 mm. In some implementations, the prosthetic cap 
Sular device 10 comprises a Substantially discoid (e.g., a 
substantially flat, substantially circular disc) and/or spheroid 
(e.g., prolate spheroid, oblate spheroid) shape having a 
thickness between about 1.5 mm and about 5.5 mm (e.g., 
about 2.5 mm) and a diameter between about 8.5 mm and 
about 10 mm (e.g., about 9 mm). For purposes of clarity, the 
thickness of the prosthetic capsular device 10 is the distance 
between the anterior surface 14 and posterior surface 16 of 
the prosthetic capsular device 10 along the visual axis 15 
(FIG. 2), for example in contrast with the thickness of walls 
of the device 10. The anterior surface 14 includes an arcuate 
(e.g., circular, oval) opening 18 having a diameter between 
about 5 mm and about 7 mm (e.g., about 6 mm), and has an 
exterior contour. Such as, for example, a flange 20 (e.g., 
having a thickness between about 0.5 mm and about 1.5 mm 
(e.g., about 1 mm), Substantially surrounding (e.g., Sur 
rounding) and extending radially outwardly from the open 
ing 18. The flange 20 can assist in stabilization and/or 
centration of the prosthetic capsular device 10 by extending 
into and fitting in the ciliary sulcus 22 (FIG. 1). The flange 
20 may lack or be substantially free of perforations, which 
may increase stability and apposition Surface area of the 
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flange 20. The prosthetic capsular device 10 may be dimen 
Sioned to fit precisely in a capsulorhexis created by a 
femtosecond laser. 

0066. At least a portion of the inner face or side 17 of the 
posterior surface or portion 16 of the prosthetic capsular 
device 10 may comprise a refractive surface, which may, for 
example, allow a pseudophakic refraction to be performed 
intraoperatively with a known lens already inside the eye 12, 
e.g., the posterior refractive surface 19. In the implementa 
tion shown in FIGS. 1-3, substantially the entire inner face 
17 comprises a low power refractive Surface (e.g., about +1 
diopter (D)). While the posterior refractive surface 19 is 
generally discussed herein in terms of a +1 D Surface, the 
posterior refractive surface 19 may comprise any and all lens 
powers and designs that are currently known in the art of 
intraocular lenses, including, but not limited to: Spherical, 
aspheric, wavefront, convex, concave, multifocal (diffrac 
tive, refractive, Zonal), toric, accommodative, ultraviolet 
(UV) filtering, and diffractive chromatic aberration reducing 
lenses, and optical powers ranging from any positive diopter 
value (e.g., including +3.5 D and above) to any negative 
diopter value (e.g., including -35 D and below). 
0067. The posterior refractive surface 19 may advanta 
geously reduce the refractive power of the IOL to be placed 
in the device 10. For example, if the device did not include 
a posterior Surface (e.g., comprised a simple or modified 
ring), then one or more IOL devices would provide all of the 
refractive power, which could increase the volume of the 
IOL, leading to a larger incision and associated complica 
tions. A posterior refractive surface implanted in the eye can 
advantageously allow for a second refractive device to be 
coupled with (e.g., placed within, next to, and/or on top of) 
the posterior refractive surface. The posterior refractive 
surface 19 can allow the ELP of the eye to be determined 
along with any residual refractive error. If any further 
refractive error is discovered, a second refractive device can 
be added to the posterior refractive surface 19 (e.g., imme 
diately), which can neutralize the deficit and help ensure that 
the desired outcome is achieved. The posterior refractive 
surface 19 being integrally formed with the remainder of the 
device 10, which can be accurately placed and anchored, can 
inhibit or prevent shifting of lateral and/or posterior-anterior 
position, rotation, tilt, etc. of the posterior refractive surface 
19 that could lead to degradation of vision. The continuous 
nature of the device 10 on all sides except for the anterior 
opening 18 can inhibit, reduce, or prevent ingrowth of lens 
epithelial cells, and thereby can inhibit or prevent formation 
of intra-lenticular opacifications. 
0068. The device 10 comprising a refractive surface 19, 
rather than being a through hole of an annulus, for example, 
can reduce the volume of an IOL inserted therein, which 
may advantageously reduce incision size. The posterior 
refractive surface 19 may provide protection for the natural 
capsular bag 24 during placement of an IOL. For example, 
the IOL is inhibited or prevented from directly contacting 
the natural capsular bag 24 because the IOL instead contacts 
the device 10. For another example, vitreous is inhibited or 
prevented from contacting the IOL. Sidewalls of the device 
10 that do not include apertures large enough for a portion 
(e.g., a haptic) of an IOL to prolapse through may provide 
protection for the natural capsular bag 24 during placement 
of an IOL, for example because the IOL is inhibited or 
prevented from directly contacting the natural capsular bag 
24. 
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0069. The prosthetic capsular device 10 is adapted to be 
implanted in the eye 12. The prosthetic capsular device 10 
preferably comprises a biologically-compatible material that 
would be inserted inside the eye 12. The prosthetic capsular 
device 10 is preferably deformable so as to be folded and 
inserted via an injection system through a corneal incision 
ranging between about 0.1 mm and about 10 mm, preferably 
between about 1.5 mm and about 3 mm. The size of the 
corneal incision varies based on several factors, including, 
for example, the volume of the prosthetic capsular device 
10, the plasticity of the prosthetic capsular device 10, the 
Volume of the injection cartridge through which the pros 
thetic capsular device 10 will be delivered, frictional forces, 
combinations thereof, and the like. The capsulorhexis is 
preferably between about 4 mm and about 7 mm (e.g., about 
6 mm), although, if a femtosecond laser is used, the capsu 
lorhexis should be less than the dilated diameter of the 
patient’s pupil, as a femtosecond laser generally cannot 
create a capsulotomy through the iris. A capsulorhexis 
created manually may be about the same size as a capsu 
lorhexis created by a femtosecond laser, as direct visualiza 
tion of the rhexis boundary is advisable throughout the 
creation process. The capsulorhexis ranges between about 3 
mm and about 8 mm, preferably between about 4 mm and 
about 7 mm. During implantation, the folded prosthetic 
capsular device 10 passes through the corneal incision, 
through the capsulorhexis, and into the patient's natural 
capsular bag 24 (FIG. 1). The natural capsular bag 24 may 
be fully, partially, or not intact, or is missing or a remnant, 
although it is preferred to place the device 10 in an intact 
natural capsular bag 24 other than the continuous curvilinear 
capsulorhexis, devoid of natural lens material, with intact 
Zonules. If the natural capsular bag 24 is not sufficiently 
intact, alternative techniques may be employed, for example 
to secure the device 10 to the posterior chamber (e.g., 
suturing the device 10 to the scleral wall). The prosthetic 
capsular device 10 preferably possesses sufficient elasticity 
to resume its pre-folded shape, for example by self-expand 
ing, once positioned inside the eye 12. Intraocular lenses 
comprising materials including silicone, polyimide, col 
lamer, and acrylic can have one or more of these capabilities. 
In some implementations, the prosthetic capsular device 10 
comprises a biologically-compatible, optically clear mate 
rial similar or identical to those used in foldable intraocular 
lenses. 

0070. The prosthetic capsular device 10 is preferably 
inserted in the natural capsular bag 24 of the eye 12 of a 
patient through the use of an injection system. The injection 
system can allow the prosthetic capsular device 10 to be 
folded or automatically folded into a smaller shape as the 
prosthetic capsular device 10 is advanced through the injec 
tion system so as to allow the prosthetic capsular device 10 
to fit through an incision much smaller than the diameter of 
the unfolded prosthetic capsular device 10. Injection sys 
tems through which IOLs are injected into the eye, for 
example comprising a cylindrical cartridge and an advance 
ment rod on a screw type advancement system or plunger 
advancement system, would be suitable for use with the 
prosthetic capsular device 10. Other injection systems are 
also possible. 
0071. The prosthetic capsular device 10 is preferably 
inserted in a natural capsular bag 24 of the eye 12 of a patient 
who has had cataract Surgery with the use of a laser (e.g., a 
femtosecond laser) to create a capsulorhexis, although inser 
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tion into natural capsular bag 24 after manual creation of the 
capsulorhexis is also possible. A femtosecond laser may be 
used to create the capsulorhexis, for example after the same 
femtosecond laser or a different femtosecond laser or a 
different device was used to make the other incisions includ 
ing the main wound, the paracentesis, and any corneal or 
limbal relaxing incisions. The patient's natural lens, for 
example clouded by a cataract such that it may be itself 
termed a “cataract.” may be removed using techniques 
known in the art. For example, the natural lens material may 
be broken up and vacuumed out, leaving the natural capsular 
bag 24 partially, fully, or not intact, or being missing or a 
remnant. The residual cortex may be removed using tech 
niques known in the art such as via irrigation/aspiration. An 
aphakic refraction may be completed using an intraocular 
refracting device such as, for example, the ORA System, 
available from WaveTec of Aliso Viejo, Calif. An IOL 
calculation may be performed using an algorithm Such as, 
for example, the Mackool algorithm. The patient’s natural 
capsular bag 24 and anterior segment 26 may be inflated 
with a viscoelastic material. Such as Sodium hyaluronate 
(e.g., Provisc, Healon, Viscoat). The prosthetic capsular 
device 10 may be loaded into an injection device, for 
example by being folded into a small tubular shape, and 
injected into the natural capsular bag 24. The viscoelastic 
material may be removed from behind the prosthetic cap 
sular device 10 and from the anterior segment 26. A pseu 
dophakic refraction may be performed with a system similar 
to a standard auto-refractor or the intraoperative WaveTec 
ORA System. This calculation is preferably performed using 
approved protocols. An intraoperative Optical Coherence 
Tomography system, such as the Zeiss OMPI Lumera 700 
with ReScan 700, could be used to measure the exact 
position of the prosthetic capsular device 10 in the eye 12, 
relative to the cornea and the retina. Along with pre 
operative measurements of the cornea and axial length, the 
position of prosthetic capsular device 10 as determined by 
the OCT measurement could allow the surgeon to determine 
the power of a lens that would provide the desired refraction 
using a vergence formula. 
0072 An example refraction using an approved protocol, 
and accompanying background information, is discussed 
herein. Current state of the art requires multiple independent 
variables to be measured so that the dependent variable of 
effective lens position can be estimated. The seven indepen 
dent variables in the Holladay 2 formula (one of the most 
popular modern formulas) are, in decreasing order of impor 
tance: (1) axial length, (2) average keratometric power, (3) 
horizontal white to white, (4) refraction, (5) anterior seg 
ment depth, (6) lens thickness, and (7) age. These variables 
are then used to estimate the Effective Lens Position. How 
ever, this position is simply an estimation or prediction. If 
the estimation or prediction of the position is incorrect, the 
post-operative refractive outcome will be compromised. 
Therefore, emphasis should be placed on the ability to 
determine the ELP rather than estimating the ELP. The 
prosthetic capsular device 10 can help determine the ELP in 
one, two, or more different ways, as described herein. 
0073 FIG. 4A is a flow chart of an example method for 
inserting and positioning a prosthetic capsular device 10 into 
a patient’s eye 12, with continued reference to FIGS. 1-3. 
First, the lens thickness of a patient’s natural lens is deter 
mined pre-operatively using known techniques. Next, a 
prosthetic capsular device 10 having a thickness similar to 
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the thickness of the patient’s natural lens is selected. Selec 
tion of a prosthetic capsular device 10 sized such that the 
inner face 17 of the prosthetic capsular device 10 is at the 
same location as the posterior Surface of the patient's natural 
lens is preferred such that, when an IOL 28 is inserted in the 
prosthetic capsular device 10, that IOL 28 will be positioned 
in Substantially the identical location previously occupied by 
the patient's natural lens. Although the natural capsular bag 
24 remains open, a combination of very thin lenses may be 
used such that lenses may be positioned slightly differently 
than the natural lens as measured from cornea to lens Surface 
or back surface to retina. The prosthetic lens of ideal power 
can be appropriately identified and inserted in the eye 12 to 
provide the desired refractive endpoint. 
0074. A femtosecond laser and/or manual keratome may 
be used to form the main wound, the paracentesis, any 
corneal or limbal relaxing incisions. The femtosecond laser 
and/or manual technique may be used to create the capsu 
lorhexis. The patient's natural lens or cataract is then 
removed using techniques known in the art. The residual 
cortex is removed using techniques known in the art, such as 
via irrigation/aspiration. Then, the patient's natural capsular 
bag 24 and anterior segment 26 are filled with viscoelastic 
material, and the prosthetic capsular device 10 is inserted 
into the natural capsular bag 24. The Viscoelastic material is 
then removed from behind the prosthetic capsular device 10 
and from the anterior segment 26 in preparation for per 
forming a pseudophakic refraction. 
0075. By being able to identify and control the position of 
the IOL 28, choosing an IOL 28 may be independent of the 
seven variables used for ELP in the Holladay 2 formula. 
Rather, via theoretical vergence formulas, the exact IOL 28 
that can provide a desired refractive outcome can be spe 
cifically calculated using keratometric power, effective lens 
position, and axial length. The weakness of the formulas 
currently used is the inability to accurately estimate or 
predict ELP. To confirm that the pre-operative theoretical 
calculation is correct, a refraction may be performed in the 
operating room once the prosthetic capsular device 10 is 
implanted in the patient’s eye via a WaveTec OR A System, 
retinoscopy, or by other known methods. The refraction will 
technically be a pseudophakic refraction, as the posterior 
refractive surface 19 of the prosthetic capsular device 10 has 
a refractive power, Such as, for example, +1 diopter. 
0.076 A method to determine the correct intraocular 
power for a piggyback lens may be calculated by first 
determining the power of the IOL 28 to be implanted using 
Equation 1: 

OLe = (Eq. 1) 

1336 1336 
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wherein: IOLe=IOL power; ELPo-effective lens position; 
Ko-net corneal power; V-vertex distance; PreRx pre-op 
refraction (also can represent the intra-operative refraction 
after the prosthetic capsular device has been placed); and 
DPostRX-desired post-operative refraction. 
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(0077. The Effective Lens Position (ELP or ELPo) is the 
distance from the secondary principal plane of the cornea to 
the principal plane of the thin-IOL equivalent. The kerato 
metric power of the cornea (Kk) can be converted to the net 
optical power of the cornea (Ko) using Equation 2: 

Ko=K*O.98765431 (Eq. 2) 

For example, if the Kk is 44.50 D, Ko–44.50 D*0. 
98765431=43.95 D. The net optical power of the cornea 
would then be 43.95 D. 
0078. By comparing the pre-operative theoretical IOL 
calculations with the aphakic refraction, the prosthetic cap 
Sular device refraction, and the post-IOL implantation 
refraction, Surgeons can greatly improve the accuracy of 
their post-operative refractive outcomes. 
(0079 Still referring to FIG. 4A, once the appropriate IOL 
28 is selected, the prosthetic capsular device 10 and anterior 
segment 26 are refilled with viscoelastic material and, based 
on the residual refractive error, the appropriate IOL 28 is 
selected and inserted into the prosthetic capsular device 10. 
The viscoelastic material is then removed from the eye 12, 
and the wounds are closed through standard methods such as 
hydration, Suturing, etc. A final confirmatory refraction may 
be completed while ensuring normal intraocular pressure, 
which can affect the position of the prosthetic capsular 
device 10 and IOL 28 inside the eye 12. If significant error 
was found at this point, the Surgeon may remove the 
implanted IOL and replace the implanted IOL with a more 
desirable IOL (e.g., having a more desirable refractive 
power), Substantially without risking damage to the fragile 
natural capsular bag 24, due to the protective nature of 
having the IOL 28 contained in the prosthetic capsular 
device 10. The ability provided by the natural capsular 
device 10 to remove and insert IOLS is described further 
herein. 

0080. The device 10 may be used as a stand-alone 
intraocular lens for the primary correction of aphakia. A 
device 10 including a particular lens may be chosen based on 
pre-operative measurements and/or theoretical formulae. 
Intraoperative aberommetry could also be used in the apha 
kic mode to help aid in the selection of the device 10 
including its lens or posterior refractive surface 19. While 
this technique and implementation does not necessarily take 
advantage of the improvement of ELP prediction and iden 
tification, use the device 10 as a stand alone intraocular lens, 
with the ability to contain other technology of various types 
for implantation in the future, is a reasonable solution. 
I0081. The following method or surgical procedure for 
implanting a prosthetic capsular device as described herein 
has been Successfully used in animal studies using three 
New Zealand white rabbits of same sex and weighing 
between 2.4 kg and 3.2 kg and in animal studies using five 
New Zealand white rabbits of same sex and weighing 
between 3.2 kg and 3.6 kg. The animals were quarantined for 
at least seven days and grossly checked for the presence of 
any anomalies prior to the beginning of the procedure. Each 
animal was prepared for surgery by pupil dilation with 1% 
cyclopentolate hydrochloride and 2.5% phenylephrine 
drops, applied topically three times each spaced by a dura 
tion of five minutes. Anesthesia was obtained with an 
intramuscular injection of ketamine hydrochloride (50 
mg/kg) and Xylazine (7 mg/Kg) in a mixture of 7:1, respec 
tively. One drop of topical proparacaine hydrochloride anes 
thetic was also placed in each eye prior to beginning Surgery. 
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Eye movement and animal respiration were monitored intra 
operatively to ensure that adequate levels of anesthesia were 
maintained. Supplemental anesthetics were given intramus 
cularly as needed during the operation. The area around the 
eye was draped in an aseptic manner. A lid speculum was 
placed to retract the lids. One drop of povidone-iodine 
(PVP-I) 5% and a drop of antibiotic was placed on the 
Surface of the eye just before beginning Surgery. Using 
aseptic technique and a Zeiss Surgical microscope, a fornix 
based conjunctival flap was fashioned. A corneal-scleral 
incision was made using a crescent blade, and an initial 3.0 
mm limbal incision was made using a 3.0 mm keratome to 
enter the anterior chamber. Capsulorhexis forceps were used 
to create a well centered continuous curvilinear capsulotomy 
(CCC), with a diameter between about 5.0 mm and about 5.5 

0082. After hydrodissection, a phacoemulsification hand 
piece (Alcon Infiniti System) was inserted into the posterior 
chamber for removal of lens nucleus and cortical material. 
One milliliter (mL) of epinephrine 1:1000 and 0.5 mL of 
heparin (10,000 USP units/mL) were added to each 500 mL 
of irrigation solution to facilitate pupil dilation and control 
inflammation. The endocapsular technique was used with 
the phacoemulsification to take place entirely within the 
natural capsular bag. The residual cortex was then removed 
with the an irrigation/aspiration (I/A) handpiece. After 
removal of the natural lens, an ophthalmic viscoSurgical 
device (OVD) (Amvisc Plus, Bausch & Lomb) was used to 
inflate the natural capsular bag. 
0083. As shown in FIGS. 4B-4D, the prosthetic capsular 
bag was then injected by using an appropriate injector 
system (“A” cartridge and Monarch II injector from Alcon 
Laboratories; Accuject 2.2-1P injector set from Medicel), 
after the Surgeon slightly increased the incision size. Load 
ing of the prosthetic capsular device into the injectors was 
found to be uneventful. If the prosthetic capsular device was 
injected partially out of the natural capsular bag (e.g., due to 
fibrin formation, papillary restriction, injector limitation, 
etc.), the prosthetic capsular device was able to be manipu 
lated with a collar button hook to complete in-the-bag 
fixation. Careful control of the injector may inhibit or 
prevent rapid or uncontrolled release of the prosthetic cap 
sular device from the injector. Even when the plunger of an 
injector overrode the prosthetic capsular device inside the 
plunger, injection in the natural capsular bag was possible. 
I0084. As shown in FIGS. 4E-4G, this was followed by 
insertion of IOLS (AcrySof SN60AT, a single-piece hydro 
phobic acrylic IOL manufactured by Alcon) using the Mon 
arch II injector and “C” cartridges. The AcrySof lens was 
fully fixated within the prosthetic capsular device in all 
instances, uneventfully. The device and IOL were carefully 
inspected under high magnification for any possible damage 
that might have occurred during the loading/implantation 
process. Centration of the prosthetic capsular device and of 
the IOL inside of the prosthetic capsular device was found 
to be excellent in all cases. In three eyes, the natural capsular 
bag containing the prosthetic capsular device and the Acry 
Sof lens was slightly oval. 
0085 Combination antibiotics/steroid ointment (neomy 
cin and polymyxin B Sulfates, and dexamethasone) was 
applied to the eyes following Surgery. The same ointment 
was placed in the eyes four times per day for the first 
postoperative week. Ointment was discontinued after one 
week. In the second postoperative week, each animal 
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received topical prednisolone acetate drops four times per 
day. In the third postoperative week, each animal received 
topical prednisolone acetate drops two times per day, with 
discontinuation of the drops following the third postopera 
tive week. 
I0086. The eyes were evaluated grossly at day one, and by 
slit lamp examination with scoring for ocular inflammatory 
response at one, two, three, and four weeks postoperatively 
(t2 days) and photographs were taken (see below). At each 
of these examinations, the rabbit eyes were dilated using a 
combination of cyclopentolate hydrochloride solution and 
phenylephrine. A standard scoring method in eleven specific 
categories was used at each examination, including assess 
ment of corneal edema, as well as the presence of cell and 
flare within the anterior chamber. Retro-illumination images 
with the pupil fully dilated were obtained for the purpose of 
photographic documentation regarding CCC size, anterior 
capsule opacification (ACO), posterior capsule opacification 
(PCO), and any observed capsular fibrosis at the discretion 
of the study directors. The images are provided and dis 
cussed in further detail herein. 

0087. After the clinical examination at four weeks, the 
animals were anesthetized using a 1 to 2 cm (cc) intramus 
cular injection of a 7:1 mixture of ketamine hydrochloride 
and Xylazine, and then humanely euthanized with a 1 mL 
intravenous injection of pentobarbital Sodium/phenytoin 
sodium. The globes were enucleated and placed in 10% 
neutral buffered formalin. The globes were then bisected 
coronally just anterior to the equator. Gross examination and 
photographs from the posterior aspect (Miyake-Apple view) 
were performed to assess the ACO and PCO development, 
as well as IOL fixation. The extent and severity of ACO and 
PCO were scored according to established methods. 
I0088. After gross examination and photographs, all 
globes were sectioned and the anterior segments including 
the capsular bags were processed for standard light micros 
copy and stained with hematoxylin and eosin (H & E). 
Features Such as cell type, extent and route of growth, etc. 
were documented by serial photomicrographs. 
I0089 FIGS. 4H-4J illustrate another example prosthetic 
capsular device 400, in which FIG. 4H is a side view, FIG. 
4I is an anterior plan view, and FIG. 4J is a cross-sectional 
view of along the line 4J-4J of FIG. 4I. The device 400 is 
illustrative of the prosthetic capsular devices used in the 
animal studies described herein, with certain modifications 
where indicated. 
(0090. The device 400 comprises a posterior side 402 and 
an anterior side 404. The posterior side 402 has a diameter 
408 between about 5 mm and about 10 mm (e.g., about 9.5 
mm). The anterior side 404 has a diameter 410 between 
about 5 mm and about 10 mm (e.g., about 9 mm). The 
diameter 410 of the anterior side 404 may be between about 
0.25 mm and about 1 mm (e.g., about 0.5 mm) less than the 
diameter 408 of the posterior side. The device 400 comprises 
a generally cylindrical portion having the diameter 408 from 
the posterior side 402 to the flange 406, a tapered portion 
tapering from the diameter 408 to the diameter 410 anterior 
to the flange 406, and another generally cylindrical portion 
having the diameter 410 from the tapered portion to the 
anterior side 404. The tapered portion may be straight, 
arcuate, and/or combinations thereof. 
0091. The posterior side 402 has a generally flat end 
shape and a rounded refractive portion 414 inwardly set 
back from the end of the posterior side 402, as best seen in 
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FIG. 4.J. The refractive portion 414 provides a refractive 
property to the device 400. The refractive portion 414 has a 
diameter 424 between about 4 mm and about 9 mm (e.g., 
about 5.9 mm). The illustrated refractive portion 414 has a 
refractive power of 5 D with a radius of curvature 426 of 
about 19.32 mm) although other refractive powers (e.g., 0 D, 
<0 D, >0 D, +35 D, etc.) and radii of curvature (e.g., at least 
partially depending on one or more of refractive power, the 
diameter 424, material, etc.) are also possible. 
0092. The anterior side 404 comprises an opening 410, 
which allows the insertion of an IOL as discussed herein. 
The opening 410 may have a diameter 418 between about 5 
mm and about 10 mm (e.g., about 9 mm). The sidewalls of 
the device 400 optionally do not extend radially inwardly 
Such that the opening 410 may have a large or maximum 
diameter (e.g., based on the diameter of the inner Surface of 
the sidewalls of the device 400). A larger opening 410 may 
aid insertion of the IOL and/or reduce volume and/or mass, 
which can aid insertion into Small incisions (e.g., by being 
easier to compress into and/or advance through an injection 
device). A smaller opening 410 may aid in containment of an 
IOL (e.g., better defining the interior volume of the device 
400 and/or inhibiting anterior drift on an inserted IOL). The 
anterior side 404 and/or the posterior side 402 may comprise 
a lip or ridge 432 on a radial exterior. 
0093. The distance 430 between the flange 406 and the 
refractive portion 414 may be between about 0.5 mm and 
about 2 mm (e.g., about 1 mm). The distance 420 between 
the anterior end 404 and the refractive portion 414 may be 
between about 1 mm and about 5 mm (e.g., about 2.5 mm). 
As described herein, in devices comprising a flange, the 
flange may be anywhere along the longitudinal axis of the 
device. 
0094. The device 400 comprises sidewalls between the 
posterior end 402 and the anterior end 404. The sidewalls 
may have a radial thickness 422 between about 0.1 mm and 
about 0.5 mm (e.g., about 0.26 mm). The sidewalls option 
ally extend posterior to the refractive portion 414 and/or 
anterior to or substantially longitudinally even with the 
opening 412. The sidewalls may extend towards the anterior 
side 404 and/or the posterior side 402 to form a lip or ridge 
432. 

0095. The device 400 illustrated in FIGS. 4H-4J includes 
a flange or ring 406 having an anterior-posterior thickness 
428 of about 0.3 mm and a radial thickness ((diameter 
416-diameter 408)/2) of about 0.25 mm, but the flange 406 
was removed from the devices used in the animal studies 
such that the outer diameter of the devices was the diameter 
408. If the flange 406 is not removed, other thicknesses are 
also possible. For example, a flange 406 having thicker 
dimensions may be less prone to tearing upon loading in a 
delivery syringe and/or insertion in an eye. 
0096. The prosthetic capsular device 10 can enhance the 
ability to achieve desired refractive targets, with a side 
benefit of increased safety. The prosthetic capsular devices 
(e.g., the prosthetic capsular device 10 and/or variants 
thereof) described herein can provide one or more of these 
advantages in one or more of several ways. Although various 
numbered potential advantages are listed, each advantage 
may include Sub-advantages or alternative advantages, and 
not all devices 10 need to accomplish every enumerator or 
otherwise described potential advantage. 
0097. First, with reference again the FIGS. 1-3, the 
prosthetic capsular device 10 can provide centration of the 
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IOL 28 along the visual axis 15. A femtosecond cataract 
laser system has the ability to center the capsulorhexis 
around the visual axis 15 of the patient rather than the optical 
center of the cataract. The capsulorhexis is ultimately what 
will center the prosthetic capsular device 10 as the capsu 
lorhexis is the opening through which the prosthetic capsular 
device 10 will be inserted. The capsulorhexis is juxtaposed 
at the center of the prosthetic capsular device 10, centering 
the prosthetic capsular device 10. The prosthetic capsular 
device 10 may optionally be stabilized via the flange 20 
extending into and fitting in the ciliary Sulcus 22. The flange 
20 can mechanically retain the prosthetic capsular device 10 
centered on the patient’s visual axis 15 and inhibit or prevent 
future movement or migration of the prosthetic capsular 
device 10, although centering and inhibited movement are 
also possible without a flange 20. 
0098 Centration of the IOL 28 on the visual axis 15 can 
be important to the visual function of the IOL 28 and the 
benefit the patient receives. Aspheric lenses have made 
decentration more tolerable, however improved centration 
can be advantageous to the increase or optimize visual 
performance of multifocal intraocular lenses. Decentration 
by less than 1 mm can cause significant morbidity, so much 
so that Surgical intervention including laser pupiloplasty, 
IOL repositioning, and IOL exchange are often performed. 
The prosthetic capsular device 10 is centered along the 
visual axis 15 via the capsulorhexis. An IOL 28 commonly 
includes haptics 30 which can engage opposed interior 
surfaces in the prosthetic capsular device 10 to maintain the 
centered position of the IOL 28. The outer diameter of the 
IOL 28, when unfolded and including the haptics 30, may be 
substantially equal to or less than the inner diameter of the 
prosthetic capsular device 10. The IOL 28 can be centered 
by being in physical contact with the peripheral internal 
surface of the prosthetic capsular device 10 that is centered 
in the visual axis 15, which maintains the centered position 
of the IOL 28 in the prosthetic capsular device 10 and also 
in the visual axis 15. 

0099 Second, the prosthetic capsular device 10 can pro 
vide a prosthetic barrier between the anterior segment 26 
and posterior segment 32 of the eye 12 in the case of 
inadvertent rupture of the posterior surface of the natural 
capsular bag 24, or after planned neodymium-doped yttrium 
aluminum garnet (Nd:YAG) laser posterior capsulotomy. 
Despite the overall success of cataract Surgery, there is still 
about 2% surgical complication rate utilizing modern tech 
niques, although this varies among individual Surgeons. 
Residents in ophthalmology training programs have histori 
cally had complication rates around 4-7%. Most complica 
tions from cataract Surgery are caused by inadvertent rupture 
of the natural capsular bag 24, which houses the cataract. 
The natural capsular bag 24 also provides an important 
anatomical barrier within the eye 12 by dividing the anterior 
segment 26 from the posterior segment 32. The posterior 
segment 32 contains the vitreous body, retina, optic nerve, 
and the central retinal artery and vein. A violation of the 
integrity of the barrier provided by the natural capsular bag 
24 allows fluid communication between the anterior seg 
ment 26 and the posterior segments 32, and potentially the 
ocular surface. Vitreous may flow out of the posterior 
segment 32 according to pressure gradients, flowing from 
high pressure (e.g., in the posterior segment 32) toward low 
pressure (e.g., the anterior segment 26). A pressure gradient 
can cause vitreous to flow directly to the Surgical incision 
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site in the lower pressure anterior segment 26. Vitreous can 
inhibit or prevent wound healing if present at the Surgical 
incision site, and more significantly can provide a conduit 
for microbial infections to proceed directly to the posterior 
segment 32. In addition to the problems caused by vitreous, 
a break or tear in the natural capsular bag 24 can inhibit or 
prevent the stable implantation of an IOL 28 in the posterior 
segment 32. Surgeons can place an IOL 28 in the ciliary 
sulcus 22 or the anterior chamber, although each of these 
alternatives has their own potential complications associated 
with them. The natural capsular bag 24 is desirably main 
tained intact, as there are currently no methods to consis 
tently reestablish the integrity of the natural capsular bag 24 
once it has been compromised. Should the natural capsular 
bag 24 be compromised, the prosthetic capsular device 10 
may serve as a prosthetic barrier between the anterior 
segment 26 and posterior segment 32. 
0100. About 30% of all implanted intraocular lenses 
develop visually significant posterior capsular opacification. 
If this develops, a Nd:YAG laser may be used to create an 
opening in the posterior Surface of the natural capsular bag 
24 to remove this opaque membrane. If the IOL 28 is to be 
removed after a Nd:YAG laser posterior capsulotomy has 
been performed, the chances for serious complications rise 
dramatically because the barrier between the vitreous and 
the anterior segment 26 has been lost due to the Nd:YAG 
created opening in the posterior Surface of the natural 
capsular bag 24. If a prosthetic capsular device 10 is placed 
in the natural capsular bag 24 and Nd:YAG laser posterior 
capsulotomy has been performed, the prosthetic capsular 
device 10 can provide an adequate barrier for the vitreous, 
inhibiting or preventing vitreous from flowing out of the 
posterior segment 32. The haptics 30, which hold the IOL 28 
in place inside the prosthetic capsular device 10, are not 
prone to scar formation or fibrosis because they contact the 
prosthetic capsular device 10 rather than the natural capsular 
bag 24, which can make future lens removal easier and 
decrease the risk for complications during IOL 28 exchange. 
The prosthetic capsular device 10 can provide a platform for 
routine IOL 28 exchange, as described further herein. 
0101 Third, the prosthetic capsular device 10 can limit 
chronic capsular opacification that takes place in the natural 
capsular bag 24 and that can cause refractive shifts due to 
ELP change, anterior capsular phimosis, and visually sig 
nificant posterior capsular opacification. After cataract Sur 
gery has been performed, the natural capsular bag 24 under 
goes chronic changes. These changes are largely due to the 
presence of lens epithelial cells that remain on the natural 
capsular bag 24 after Surgery. These epithelial cells continue 
to grow and can cause problems. For example, the anterior 
Surface of the natural capsular bag 24 can fibrose and 
contract over time, causing a progressively smaller aperture 
overtop of the lens. If the entire natural capsular bag 24 
becomes fibrotic, and phimosis persists, there can be Zonular 
dehiscence and changes to the effective lens position over 
time. About 30% of the time, the posterior surface of the 
natural capsular bag 24 becomes significantly opacified, 
which may be remedied by a Nd:YAG laser posterior 
capsulotomy. The effect of limiting epithelial cell migration 
and propagation can be mediated by the type of material that 
the prosthetic capsular device 10 comprises (e.g., hydropho 
bic acrylic materials, which tend to be most efficacious of all 
currently known and used IOL materials). 
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0102 Fourth, the prosthetic capsular device 10 can help 
maintain the effective lens position of an IOL 28 implanted 
into the eye 12. Precisely matching the preoperative dimen 
sions of the cataract with the prosthetic capsular device 10 
can enhance the ability to predict the ELP of the lens implant 
28. Currently, the ELP of an IOL 28 is estimated or predicted 
based on a number of factors, including the depth of the 
anterior segment 26, lens thickness, and white to white 
diameter, among others. The accuracy of the prediction is 
actually quite low, resulting in only 50% of patients being 
within a tolerable level of their refractive goal post-cataract 
surgery. While other dimensions of the eye required for 
standard IOL calculation can be measured quite precisely 
and accurately, the ELP has remained the elusive last great 
variable to conquer in the quest for highly accurate and 
predictable IOL calculations for cataract Surgery. 
(0103) The reason for the great variability in the ELP is 
due to the volumetric difference between the cataract and the 
IOL 28. The average thickness of the human cataract at age 
65 is approximately 4.5 mm, but varies from patient to 
patient. In contrast, an IOL 28 is typically less than 1 mm 
thick. The thickness of the IOL generally does not match the 
thickness of the cataract due to deliverability issues, as 
thicker IOLS generally use a larger incision. The resulting 
volumetric difference allows for pressure differentials 
between the posterior segment 32 and the anterior segment 
26, as well as contraction of the natural capsular bag 24. 
which can shift the final resting position of the IOL 28. The 
lens thickness may be measured preoperatively and a pros 
thetic capsular device 10 with a corresponding Volume and 
thickness may be implanted. By implanting a prosthetic 
capsular device 10, the Volume of the natural capsular bag 
24 may effectively be held constant and/or in accordance 
with the cataract. The natural capsular bag 24, buttressed by 
the prosthetic capsular device 10, can resist forces that 
would otherwise shift the natural capsular bag 24 and its 
contents anteriorly or posteriorly. This stability of lens 
capsule Volume can increase or significantly increase the 
accuracy of IOL calculations. 
0104 Fifth, the prosthetic capsular device 10 can allow 
for an intraoperative pseudophakic refraction while still 
allowing another IOL to be implanted without explanting an 
originally implanted lens. Recently, there have been 
advances in IOL calculation methodologies that use intra 
operative refraction devices, such as the WaveTec ORA 
System, the WaveTec Orange System, the HOLOS IntraCp 
from Clarity Medical Systems, Inc., etc., to provide better 
refractive outcomes. These devices can perform aphakic 
refractions, pseudophakic refractions, and assist with the 
alignment of toric IOLS 28 and assist with Limbal Relaxing 
Incisions. Aphakic refractions do not have the benefit of a 
lens inside the eye, so ELP is still a variable for which this 
data cannot account. Pseudophakic refractions can be help 
ful, but provide the information only after the IOL 28 has 
been implanted. If the data shows that a different IOL 28 
would be more beneficial, the physician would explant the 
less beneficial IOL 28 and implant a more beneficial IOL 28. 
Explanting an IOL 28 takes time, effort, and skill, and can 
cause damage to the natural capsular bag 24, Zonules, 
cornea, and/or other structures within the eye 12. Using a 
prosthetic capsular device 10 with a low power lens incor 
porated into its posterior Surface (e.g., the posterior refrac 
tive surface 19) can allow a physician to perform a pseu 
dophakic refraction with this refractive surface, and still 
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provides the physician the ability to implant a second lens 
(e.g., the IOL 28) within the prosthetic capsular device 10 
that will make up the refractive difference as measured by an 
intraoperative refraction device, such as the WaveTec ORA 
System and Clarity HOLOS. 
0105 Stabilization of the natural capsular bag 24 by 
insertion of the prosthetic capsular device 10 can be lever 
aged to perform an intraoperative optical coherence tomog 
raphy (OCT) measurement and/or A or B scan ultrasound, 
for example using commercially available systems such as 
the Zeiss RESIGHT OCT and/or any of a multitude of 
ophthalmic A/B scan ultrasound systems. Once the pros 
thetic capsular device 10 is inserted into the natural capsular 
bag 24, the anterior and posterior capsule can be stented 
open into a stable configuration, which should be unlikely to 
significantly change post operatively. By knowing the cor 
neal power, the distance from the cornea to the refractive 
surface of the prosthetic capsular device 10, and the distance 
from the refractive surface of the prosthetic capsular device 
10 to the surface of the retina, the ELP can be determined. 
By knowing the ELP, the power of the cornea, the refractive 
power built in to the posterior aspect of the prosthetic 
capsular device 10, and the axial length of the eye 12 (e.g., 
from the surface of the corneal epithelium to the internal 
limiting membrane (ILM) (ultrasonic technique), the retinal 
pigment epithelial (RPE) layer (laser interferometry tech 
nique), from cornea to retina), an appropriate second lens 
(e.g., of an IOL) can be selected and implanted into the open 
space in the prosthetic capsular device 10 to provide the 
desired refractive outcome. 

0106 Sixth, the prosthetic capsular device 10 may serve 
as a means for pharmaceutical delivery. Pharmaceuticals, 
drugs, and medications, such as, for example, slow release 
fully or partially dissolvable medicine pellets, non-dissolv 
able prostheses coated with slow release pharmaceutical 
agents, and/or other Substances intended for introduction 
into the eye 12 may be placed in and/or on prosthetic 
capsular device 10 outside of the visual axis 15 in a location 
that is not subject to sequestration by membrane formation. 
There is a tremendous amount of research and demand for 
a slow release implant that would essentially eliminate the 
need for post-cataract Surgery eye drops. The prosthetic 
capsular device 10 would be a suitable receptacle for such an 
implant, as the periphery of the interior of the prosthetic 
capsular device 10 provides a location outside of the visual 
axis 15, in constant contact with the aqueous humor, Sub 
stantially without risk of becoming encapsulated by scar 
ring. Due to the prosthetic material of the prosthetic capsular 
device 10, there would be little to no risk of membrane 
formation or encapsulation. Dissolved or Suspended phar 
maceuticals would not affect the patient’s vision and could 
be introduced directly into the prosthetic capsular device 10 
during the implantation Surgery. Larger pharmaceuticals, 
Such as slow release medicine pellets, may be shaped to 
mechanically maintain their position with respect to the 
prosthetic capsular device 10. For example, a slow release 
medicine pellet may be constructed with a generally toroidal 
shape sized to fit within the prosthetic capsular device 10, 
while remaining in the peripheral space and not obstructing 
the visual axis 15. 

0107. Seventh, the prosthetic capsular device 10 may 
provide physicians with the ability to perform a lens 
exchange in the future that can reduce or minimize the risk 
of damage to the natural capsular bag 24 and Zonular 
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apparatus, which ultimately can Substantially reduce or 
minimize the risk of serious vision threatening sequlae Such 
as macular edema, macular hole, retinal tear, retinal detach 
ment, proliferative vitreoretinopathy, and/or loss of capsular 
Support leading to less favorable lens implantation tech 
niques (e.g., a Sutured or glued IOL 28, an anterior chamber 
IOL 28, a posterior chamber IOL 28, etc.). As stated above, 
if a prosthetic capsular device 10 is placed in the natural 
capsular bag 24 and a Nd:YAG laser posterior capsulotomy 
has been performed, the prosthetic capsular device 10 pro 
vides an adequate barrier for the vitreous. The haptics 30 
which hold the IOL 28 in place inside the prosthetic capsular 
device 10 are not prone to Scar formation, making future 
removal and/or exchange of the IOL 28 easier. 
0.108 FIGS. 5-7 depict another example prosthetic cap 
sular device 110. The prosthetic capsular device 110 is a 
Substantially discoid shape having a thickness between 
about 2.5 mm and about 4.5 mm and a diameter of about 9 
mm, although other dimensions, for example as described 
herein with respect to the prosthetic capsular device 10, 400, 
are also possible. The thickness of the prosthetic capsular 
device 110 is the distance between the anterior surface 114 
and posterior surface 116 of the prosthetic capsular device 
110 along the visual axis 15. The anterior surface 114 
contains a circular opening 118 having a diameter of about 
6 mm. At least a portion of the inner face 117 of the posterior 
surface 116 of the prosthetic capsular device 110 comprises 
a refractive surface, e.g., the posterior refractive surface 119. 
The prosthetic capsular device 110 lacks or is free of a flange 
20 (as in the prosthetic capsular device 10) that could 
mechanically fixate or center the prosthetic capsular device 
110 on the capsulorhexis. The volume of the prosthetic 
capsular device 110 relative to the opening of the capsu 
lorhexis may keep the device in place similar to the manner 
in which current single piece IOLS 28 are folded and placed 
within the natural capsular bag 24. 
0109 The prosthetic capsular device 110 may sacrifice a 
measure of stability as compared to the prosthetic capsular 
device 10 comprising a flange 20. Without a flange, the 
prosthetic capsular device 110 may be usable for non 
femtosecond laser cataract removal (e.g., traditional manual 
phacoemulsification), and may be particularly useful for 
Surgeons who lack access to a femtosecond laser. 
0110. The lenticular surface on the posterior aspect of a 
prosthetic capsular device may have a plano powered lens. 
Some extreme myopes would not benefit from a +1 D 
refractive surface, as they may benefit from a negative IOL 
28 power. For patients with these conditions, a prosthetic 
capsular device may be used with a plano or Zero power 
posterior lenticular Surface. 
0111. The prosthetic capsular device may have a posterior 
refractive lenticular Surface (e.g., -1 D), as Some extreme 
axial myopes (about 30 mm and beyond) may benefit from 
this type of lens. 
0112 The posterior refractive surface of a prosthetic 
capsular device may comprise a multifocal lenticular Sur 
face, which could aid in presbyopia correction. This multi 
focal lenticular Surface may include, but is not limited to, 
refractive, diffractive, and Zonal multifocal refractive tech 
nology. A multifocal lens may be designed to provide 
multiple focal points generally ranging from plano (e.g., 0 
D) to +3 D or greater at the spectacle plane. 
0113. The posterior refractive surface of a prosthetic 
capsular device may include a spherical, aspheric, and/or 
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cylindrical (astigmatic) lenticular surface So as to aid in the 
correction of pre-existing and Surgically induced corneal 
astigmatism. As most Surgeons induce between -0.25 Dand 
-0.50 D of astigmatism with their corneal incisions required 
for cataract surgery, it would be beneficial even for most 
patients with spherical corneas to have this neutralized. The 
diopteric power of the toric correction could increase up to 
6 diopters for patients with even higher amounts of astig 
matism. 

0114. In some implementations described herein (e.g., the 
prosthetic capsular device 110 shown in FIG. 6, the pros 
thetic capsular device 400 with the flange 406 removed or 
never formed), the prosthetic capsular device (e.g., bag, 
bowl, housing, structure, cage, frame) does not include or is 
free of a flange. Certain Such implementations may include, 
around a perimeter of the prosthetic capsular device 210, an 
outer rim comprising tabs or haptics 205. The rim may be 
continuous, and tabs 205 that are in contact may be consid 
ered continuous. Tabs 205 that are continuous may provide 
better apposition with the natural capsular bag and/or be 
more form fitting than a device in which the tabs 205 are not 
continuous. The tabs 205 may position (e.g., center) the 
device 210 in a desired position. Some or all of the tabs 205 
may include an opening or hole 220, for example in the 
approximate center of the tab. 205. An example prosthetic 
capsular device 210 comprising a continuous outer rim 
comprising tabs 205 each including an opening or hole 220 
is illustrated in FIG. 8. The rim, tabs 205, and/or openings 
220 can assist the prosthetic capsular device 210 to fit inside 
natural capsular bags of many sizes and shapes. The pros 
thetic capsular device 210 preferably allows for some fibro 
sis through the openings 220, which can stabilize the capsule 
210 in the event of a Nd:YAG laser posterior capsulotomy. 
The tabs 205 can comprise, for example, silicone, silicone 
derivatives, acrylic, acrylic derivatives, biocompatible 
methacrylates (e.g., poly(methyl methacrylate) (PMMA)), 
collamer, olefins (e.g., polypropylene), polyimide, combi 
nations thereof, and the like. The tabs 205 may comprise the 
same material as (e.g., be integrally formed with) the 
remainder of the device 210 or may comprise a different 
material than the remainder of the device 210 (e.g., being 
overmolded over the remainder of the device 210). The 
device 210, like other prosthetic capsular bags described 
herein, may comprise a plurality of pieces and/or materials, 
which may advantageously allow selection or use of a 
material Suitable for the function of that component, as 
opposed to selection or use of a material having compro 
mising suitability for several functions. If the remainder of 
the device 210 comprises opaque material, the tabs 205 may 
comprise opaque and/or transparent material, for example 
because the opaque material of the remainder of the device 
210 can reduce or minimize intraocular scattering and/or 
glare such that light may not reach the tabs 205. The 
prosthetic capsular device 210 can include an internal lip 
230. The internal lip 230 can run partially, intermittently, or 
completely around the inside of the prosthetic capsular 
device 210. The lip 230 may be designed to hold the haptics 
of an IOL stable, inhibiting or preventing the lens from 
rotating or shimmering during eye movements. 
0115. In some implementations, the prosthetic capsular 
device intentionally moves away from natural form fitting 
conformation of the posterior aspect of the device. This can 
allow for the posterior aspect of the prosthetic capsular 
device to have a larger diameter (e.g., the largest diameter 
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possible for the physiology), potentially allowing for 
implants with a wider diameter to be implanted, and to have 
a more stabilizing effect on the lens that the device will be 
holding. 
0116. In some implementations, the prosthetic capsular 
device 210 comprises at least one of the following: external 
form-fitting elements (e.g., the tabs 205 shown in FIG. 8): 
openings in the external form-fitting elements through which 
fibrosis can take place, thereby allowing stabilization of the 
positioning of the device (e.g., the openings 220 in the tabs 
205 shown in FIG. 8); and an internal lip/sulcus configured 
to secure the haptics of a standard IOL (e.g., the lip 230 
shown in FIG. 8). 
0117 FIGS. 9A-9D illustrate another example prosthetic 
capsular device 900, in which FIG. 9A is a side view, FIG. 
9B is a side cross-sectional view, FIG.9C is a posterior plan 
view, and FIG. 9D is an anterior side perspective view. The 
prosthetic capsular device (e.g., bag, bowl, housing, struc 
ture, cage, frame) 900 does not include or is free of a flange, 
although combination with a flange (e.g., the flange 20) is 
also possible. The device 900 comprises a posterior side 902 
and an anterior side 904. The posterior side 902 has a 
generally rounded shape. As shown in FIG.9B, the posterior 
side 902 comprises a refractive portion, which provides a 
refractive property to the device 900. 
0118. As shown in FIGS. 9B and 9D, the anterior side 
904 comprises an opening 910, which allows the insertion of 
an IOL as discussed herein. The opening 910 may have 
sharp edges (e.g., as depicted in FIGS. 9B and 9D), rounded 
edges (e.g., as shown in other implementations herein), etc. 
The opening 910 may have a diameter between about 5 mm 
and about 10 mm (e.g., between about 6 mm and about 9 
mm). The sidewalls of the device 900 optionally do not 
extend radially inwardly such that the opening 910 may have 
a large or maximum diameter (e.g., based on the diameter of 
the inner surface of the sidewalls of the device 900). A larger 
opening 910 may aid insertion of the IOL and/or reduce 
Volume and/or mass, which can aid insertion into Small 
incisions (e.g., by being easier to compress into and/or 
advance through an injection device). A smaller opening 910 
may aid in containment of an IOL (e.g., better defining the 
interior volume of the device 900 and/or inhibiting anterior 
drift on an inserted IOL). 
0119. As shown in FIGS. 9B and 9D, the device 900 
comprises an internal lip 912. The internal lip 912 can run 
partially, intermittently, or completely around the inside of 
the prosthetic capsular device 900. The lip 912 may be 
designed to hold the haptics of an IOL stable, inhibiting or 
preventing the lens from rotating or shimmering during eye 
movements. The lip 912 is proximate to a midpoint of the 
device 900, for example being proximate to a plane about 
halfway between the posterior side 902 and the anterior side 
904. The lip 912 may be proximate to the anterior side 902, 
proximate to the anterior side 904, etc., and can be designed 
and/or selected based on the IOL to be inserted into the 
device 900. The device 900 may comprise a plurality of lips 
912, for example configured to engage a plurality of IOLs 
and/or to provide a plurality of alternative positions to 
engage one IOL. The lip 912 may comprise a tubular 
structure, for example configured to lockingly engage hap 
tics of an IOL (e.g., by insertion of end portions of one or 
more haptics into a lumen of the tubular structure, by 
resilient compression of the tubular structure by a haptic, 
etc.). Rather than extending radially inwardly (e.g., as 
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shown in FIGS. 9B and 9D), the lip 912 could extend 
radially outwardly, for example comprising a groove in the 
inner sidewalls of the device 900. A lip 912 comprising a 
groove may be integrally formed (e.g., during molding of the 
device 900) and/or formed after (e.g., by laser milling). 
Combinations of the lips 912 described herein are also 
possible. For example, the lip 912 could comprise: one or a 
plurality of lips 912; position(s) proximate to a surface 
and/or a midpoint; continuous and/or intermittent; filled 
and/or tubular; a groove extending into the sidewalls of the 
device 900; and combinations thereof. 
0120. The device 900 comprises, around a perimeter of 
the device 900, a plurality of tabs or haptics 906. The tabs 
906 are not in contact and may be considered not continu 
ous. Tabs 906 that are not continuous may use less material 
and impart less volume and/or mass to the device 900, 
allowing the device 900 to be easier to insert into small 
incisions. Use of less material may reduce costs due to use 
of less material. As discussed above, tabs that are continuous 
may provide better apposition with the natural capsular bag 
and/or be more form fitting, but may use more material and 
impart more Volume and/or mass to a device, which can 
inhibit insertion into Small openings. Depending on the 
application, the devices described herein that include tabs 
may include tabs that are continuous, not continuous, and 
combinations thereof (e.g., comprising continuous tabs over 
a portion of the perimeter). 
0121 The tabs 906 comprise an opening or hole or 
aperture 908. The openings 908 illustrated in FIGS. 9A-9D 
extend all of the way through the tabs 906, but could extend 
only partially through the tabs 906. The openings 908 may 
assist in suturing the device 908, allow fibrosis therethrough, 
etc. The tabs 906 include tabs 906a that are anteriorly biased 
and tabs 906b that are posteriorly biased. Biased tabs 906 
(e.g., tabs 906a, 906b having alternating bias) can inhibit 
preferential torquing and tilt. In addition and/or alternatively 
to being differently biased, the tabs 90.6 may have other 
differences (e.g., shape, material, absence of an opening 908, 
anterior-posterior position, orientation, combinations 
thereof, and the like). 
0122 FIGS. 10A-10D illustrate yet another example 
prosthetic capsular device 1000, in which FIG. 10A is a side 
view, FIG. 10B is a side cross-sectional view, FIG. 10C is a 
posterior plan view, and FIG. 10D is an anterior side 
perspective view. The prosthetic capsular device (e.g., bag, 
bowl, housing, structure, cage, frame) 1000 does not include 
or is free of a flange, although combination with a flange 
(e.g., the flange 20) is also possible. The device 1000 
comprises a posterior side 1002 and an anterior side 1004. 
The posterior side 1002 has a generally flat shape. As shown 
in FIG. 10B, the posterior side 1002 comprises a solid 
Surface, but Substantially constant thickness and parallel 
planar Surfaces are indicative of a lack of a refractive 
portion, which may be useful if the IOL provides sufficient 
refractive power (e.g., if the diopter value is low). Although 
the posterior side 1002 is flat, the interior surface of the 
posterior part of the device 1000 could be curved such that 
the device 1000 can provide refractive power even though 
the outer surface is flat. 

(0123. As shown in FIGS. 10B and 10D, the anterior side 
1004 comprises an opening 1010, which allows the insertion 
of an IOL as discussed herein. The opening 1010 may have 
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sharp edges (e.g., as shown in other implementations 
herein), rounded edges (e.g., as depicted in FIGS. 10B and 
10D), etc. 
0.124. As shown in FIGS. 10B and 10D, the device 1000 
comprises an internal lip 1012. The internal lip 1012 can 
comprise the same options and/or features as discussed 
herein (e.g., with respect to the lip 912). The lip 1012 is 
proximate to the posterior side 1002, for example being 
posterior to a plane halfway between the posterior side 1002 
and the anterior side 1004 and/or being posterior to the tabs 
1006. Consistent with the lip 1012 comprising the options of 
other lips described herein, the lip 1012 may be proximate 
to the anterior side 1004, proximate to a midpoint, etc., and 
can be based on the IOL to be inserted into the device 1000. 

0.125. The device 1000 comprises, around a perimeter of 
the device 1000, a first plurality of tabs or haptics 1006 and 
a second plurality of tabs or haptics 1007. The tabs 1006, 
1007 can comprise the same options and/or features as 
discussed herein (e.g., with respect to the tabs 906). The 
pluralities of tabs 1006, 1007 are not in contact and may be 
considered not continuous. The pluralities of tabs 1006, 
1007 are spaced from each other about a perimeter of the 
device 1000, bunched at two opposite sides of the device 
1000. Pluralities of tabs may be bunched at one side, two 
sides (e.g., as shown in FIGS. 10A-10D), three sides, etc. 
Pluralities of tabs may be evenly circumferentially spaced 
(e.g., as shown in FIGS. 10A-10D) or unevenly circumfer 
entially spaced. Pluralities of tabs may comprise the same 
types of tabs (e.g., as shown in FIGS. 10A-10D) or different 
types of tabs (e.g., comprising different anterior-posterior 
bias, shape, material, absence of an opening 1008, anterior 
posterior position, orientation, continuousness, combina 
tions thereof, and the like). Tabs within a plurality of tabs 
may be the same or different (e.g., comprising different 
anterior-posterior bias (e.g., as shown by the tabs 1006a, 
1006b in the plurality of tabs 1006), shape, material, absence 
of an opening 1008, anterior-posterior position, orientation, 
continuousness, combinations thereof, and the like). In 
implementations in which the tabs comprise circumferen 
tially spaced pluralities of tabs (e.g., the tabs 1006, 1007), 
the tabs may be configured to provide more engagement 
(e.g., by being larger, by being continuous, combinations 
thereof, and the like) than if the tabs extend all around the 
perimeter of the device. Use of fewer tabs by circumferen 
tially spacing pluralities of tabs 1006, 1007 may reduce 
Volume and/or mass, which can aid insertion into Small 
incisions (e.g., by being easier to compress into and/or 
advance through an injection device). Use of fewer tabs by 
circumferentially spacing pluralities of tabs 1006, 1007 may 
reduce costs due to use of less material. As discussed above, 
tabs that are continuous may provide better apposition with 
the natural capsular bag and/or be more form fitting, but 
have increased Volume and/or mass. Depending on the 
application, the devices described herein that include tabs 
may include tabs that are continuous, not continuous, and 
combinations thereof (e.g., comprising continuous tabs over 
a portion of the perimeter). 
I0126. The tabs 1006, 1007 are illustrated as being gen 
erally short, rounded-edge rectangular structures. Other 
shapes are also possible, for example arcuate (e.g., semicir 
cular), elongate (e.g., spiraling out of the device 1000), 
having end features (e.g., loops, hooks), etc. When plurali 
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ties of tabs 1006, 1007 are circumferentially spaced, the 
perimeter of the device 1000 may have room for more 
voluminous tabs 1006, 1007. 
0127. As shown in FIGS. 10A, 10C, and 10D, the device 
1000 comprises textured surfaces 1014. The textured sur 
faces 1014 may comprise pores (e.g., extending partially 
through the walls of the device, extending fully through the 
walls of the device 1000, circular, spherical, elongate, hav 
ing an undulating pattern, etc.), Surface texture patterns, 
combinations thereof, and the like. The textured surfaces 
1014 may be configured to capture, engage, and/or promote 
fibrosis (e.g., by not being Smooth). The textured Surfaces 
1014 may be formed during forming the device 1000 (e.g., 
by being integrated into a mold) and/or formed after forming 
the device 1000 (e.g., by laser drilling). The device 1000 
and/or other prosthetic capsular devices may lack or be free 
of tabs 1006, 1007, and the textured surfaces 1014 may 
provide engagement with the natural capsular bag, allow 
fibrosis, etc. The device 1000 may comprise tabs 1006, 1007 
comprising openings or holes 1008 that may assist in 
suturing the device 908, allow fibrosis therethrough, etc. and 
textured surfaces 1014 that may allow fibrosis. The textured 
surfaces 1014 of the device 1000 are positioned between the 
pluralities of tabs 1006, 1007, but any portion of the device 
1000 may comprise a textured surface, preferably not in the 
optical path, which can permit strategic fibrosis. The tex 
tured surfaces 1014 may be continuous around the perim 
eter, circumferentially spaced (e.g., as shown in FIG. 10C), 
in patches, etc. If the device 1000 comprises tabs, the tabs 
may comprise textured Surfaces. 
0128 FIGS. 11A-11C and 11E illustrate still another 
example prosthetic capsular device 1100, in which FIG. 11A 
is a side view, FIG. 11B is a side cross-sectional view, FIG. 
11C is a posterior plan view, and FIG. 11E is an anterior side 
perspective view. FIG. 11D depicts a posterior plan view of 
still yet another example prosthetic capsular device 1150 
that is similar to the device 1100 except for the refractive 
portion, as described in further detail below. The prosthetic 
capsular device (e.g., bag, bowl, housing, structure, cage, 
frame) 1100 does not include or is free of a flange, although 
combination with a flange (e.g., the flange 20) is also 
possible. The device 1100 comprises a posterior side 1102 
and an anterior side 1104. 

0129. The posterior side 1102 has a generally flat edge 
with a convex central portion. As shown in FIG. 11C, 
convex central portion of the posterior side 1102 comprises 
a refractive portion, which provides a refractive property to 
the device 1100 for refractive powers >0 D (positive or 
converging lens power). The posterior side 1102 can include 
a concave central portion for refractive powers <0 D (nega 
tive or diverging lens power). As shown in FIG. 11C, the 
refractive portion of the device 1100 has a diameter 1116 that 
is about 6 mm. As shown in FIG. 11C, the refractive portion 
of a similar device 1150 has a diameter 1166 that is about 8 
mm. Most IOL optics have a diameter between 5.5 mm and 
6 mm since the refractive power range of IOLs is typically 
+35 D, and IOLs are designed to be substantially the same 
throughout the refractive power range such that even low 
refractive power IOLs have a diameter similar to that of a 
high refractive power IOL. The diameters of the refractive 
portion of the devices 1100, 1150 are not limited by refrac 
tive power value, which can allow larger diameter refractive 
portions as evidenced by the device 1150. The devices 1100, 
1150 could provide a small refractive power value to aid an 
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IOL, which could allow IOLs with smaller refractive powers 
to be used, resulting in a total refractive power, which could 
potentially increase the diameter of such IOLs if no longer 
designed based on a full refractive power range. The devices 
1100, 1150 could provide a refractive surface that has 
sufficient refractive power that no IOL providing additional 
refractive power is inserted into device 1100, 1150. 
0.130. As shown in FIGS. 11B and 11D, the anterior side 
1104 comprises an opening 1110, which allows the insertion 
of an IOL as discussed herein. The opening 1110 may have 
sharp edges (e.g., as shown in other implementations 
herein), rounded edges (e.g., as depicted in FIGS. 11B and 
11E), etc. 
0131. As shown in FIGS. 11B and 11E, the device 1100 
lacks or is free of an internal lip. Lack of an internal lip may 
reduce Volume and/or mass, which can aid insertion into 
Small incisions (e.g., by being easier to compress into and/or 
advance through an injection device). Lack of an internal lip 
may reduce costs due to use of less material. Alternatively, 
the device 1100 may comprise an internal lip, as the features 
described with respect to the devices described in the present 
application may be optionally Substituted, interchanged, 
rearranged, etc. when compatible. 
0.132. The device 1100 comprises, around a perimeter of 
the device 1100, a plurality of tabs or haptics 1106. The 
device 1150 comprises, around a perimeter of the device 
1150, a plurality of tabs or haptics 1156. The tabs 1106, 1156 
can comprise the same options and/or features as discussed 
herein (e.g., with respect to the tabs 906, 1006, 1007). The 
pluralities of tabs 1106, 1156 are not in contact and may be 
considered not continuous. The tabs 1106, 1156 are not 
biased in an anterior and/or posterior direction, which may 
be easier to manufacture than biased tabs. The tabs 1106, 
1156 are larger than the tabs 906, 1006, 1007 described 
herein. Larger tabs 1106, 1156 may increase apposition of 
the device 1100, 1150 to a natural capsular bag and/or 
increase fibrosis surface area. Larger tabs 1106, 1156 may 
also allow the formation of larger openings 1108, 1158. 
Openings that extend all the way through a tab, if desired, 
may be difficult to produce in small tabs, so the larger tabs 
1106, 1156 may enable easier formation of larger openings 
1108, 1158 that fully extend through the tabs 1106, 1156. 
Larger openings 1108, 1158 may aid in suturing. 
I0133. The prosthetic capsular devices described herein or 
similar prosthetic capsular devices may be compatible with 
any IOLs that are currently commercially available or devel 
oped in the future, regardless of manufacturer (e.g., AcrySof 
from Alcon, TECNIS from Abbott Medical Optics, enVista, 
TRULIGN, Akreos, Sofport, and Crysalens from Bausch 
and Lomb, iSert from Hoya Corporation, ELENZA Sapphire 
from Elenza, Calhoun light adjustable lens from Calhoun 
Vision, and others), material (e.g., comprising PMMA, 
silicone, relatively hydrophobic acrylic, relatively hydro 
philic acrylic, other acrylic, collamer, combinations thereof, 
and the like), product type (e.g., aphakic, pseudophakic), 
refractive power (e.g., negative, planar, and positive), num 
ber of pieces (e.g., one, two, three, and more), accommo 
dation (e.g., accommodating and non-accommodating), size 
(e.g., diameter, thickness), shape (e.g., disc, toroid, symmet 
ric, and asymmetric), haptic type and quantity, delivery 
system, delivery profile, expansion profile, combinations 
thereof, and the like. 
0.134 Referring again to the potential advantages 
described above, the prosthetic capsular devices described 
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herein or similar prosthetic capsular devices can increase the 
options for IOL replacement. A physician may be less 
reluctant to perform IOL replacement if the initially-im 
planted lens fails due to the reduce risk of complications, 
such that the physician will more readily replace the ini 
tially-implanted lens with a more appropriate lens, thereby 
providing a better outcome (e.g., initial outcome). Even 
without replacement, the IOL selection capability provided 
by the refractive portion of the prosthetic capsular device 
and/or the positioning capability provided by the prosthetic 
capsular device and can improve outcome (e.g., initial 
outcome). Certain prosthetic capsular devices described 
herein may be able to provide more accurate refractive 
outcomes after initial Surgery every or almost every time. 
0135 Since IOL replacement from a prosthetic capsular 
device involves less risk than IOL replacement without a 
prosthetic capsular device, physicians and patients may also 
be more open to replacement of the IOL over time. For 
example, IOL replacement may be potentially advantageous 
for medical reasons (e.g., due to changing physiological 
conditions (e.g., development of macular degeneration, 
glaucomatous optic neuropathy), refractive reasons (e.g., 
change of corneal power due to corneal dystrophy, the 
progressive hyperopic shift associated with previous refrac 
tive keratotomy), the patient’s desire to access new intraocu 
lar technology (e.g., powered accommodating IOL, implant 
able intraocular wireless input/output computerized 
devices)). Such that replacement of an IOL in a prosthetic 
capsular device can provide improved outcomes even after 
the initial Surgery. The reduced risk of complications due to 
removal from and placement in a prosthetic capsular device 
may even permit physicians and patients to exchange the 
IOL as often as desirable. The ability to change the IOL 
more often due to a prosthetic capsular device may also 
permit Surgery at an earlier age, as the physician may 
dispossess concerns that the initially-implanted IOL must 
last the rest of the patient’s life or risk serious complications 
upon replacement. Such IOL replacement procedures may 
even be able to substitute for removable corrective devices 
Such as glasses and contact lenses. 
0136. The prosthetic capsular devices described herein or 
similar prosthetic capsular devices may provide a platform 
by which a technology device (e.g., a wearable miniaturized 
electronic technology device) can be inserted and carried in 
the eye independent of or in combination with an IOL. As 
used herein, the phrase “technology device' is a broad term 
including any device that generally provides biometric mea 
Surement functions, computer functions (e.g., digital data 
input directly via wireless signals and/or indirectly through 
sensors, data analysis, input, and/or output), image genera 
tion and projection onto the retina, and/or internet/WiFi 
capabilities and is small enough to fit functionally within the 
eye (e.g., having a diameter less than or equal to about 11 
mm and a thickness less than or equal to about 6 mm), some 
of which can be used to perform useful electronic functions 
for the wearer. Examples of such devices include, but are not 
limited to, computers (e.g., Google Glass, Microsoft Holo 
lens), virtual reality devices, head-mounted displays (such as 
graphic or image displays, map displays), devices with WiFi 
and/or Internet connectivity, image receivers (e.g., television 
or movies), game devices, projectors (including image view 
ers, image readers, or image senders), GPS devices, biomet 
ric measurement devices (e.g., blood glucose level sensors, 
electrolyte sensors, heart rate sensors, basal metabolic rate 
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sensors, temperature sensors, EEG, EKG, intraocular pres 
Sure sensors, ciliary muscle contraction sensors, dynamic 
pupil change sensors), retinal prostheses, camera functions 
(e.g., still image and/or video recording), and e-mail senders 
or receivers. Such devices do not necessarily have to be 
characterizeable as wearable (e.g., because they are 
implanted rather than “worn'), miniaturized (e.g., because 
they may have already been a certain size), or electronic 
(e.g., because they may be mechanical), but would still be a 
“technology device' as described herein. 
0.137 In use, the technology device is in the prosthetic 
capsular device, and the output from the electronic device is 
provided to the user, either through viewing of the output 
visually through the eye or otherwise (e.g., wireless trans 
mission to an external computing device). Data from the 
outside of the body can be transmitted to and/or from the 
technology device in a wireless electromagnetic energy 
format including, but not limited to, currently available 
modalities such as Bluetooth, radio signals, WiFi, and/or 
analog and/or digital cellular format signals. This data may 
be processed and output in the form of a visual display that 
could be projected onto the retina, creating the perception of 
a digital heads-up display, for example how Google Glass 
employed this technology in an external device. For tech 
nology devices configured to sense biometric data (for 
example, but not limited to, glucose level, electrolyte level, 
basal metabolic rate, temperature, EEG, EKG, heart rate, 
intraocular pressure (e.g., for glaucoma patients or glaucoma 
candidates), ciliary muscle contraction, papillary construc 
tion or dilation, eye movement, blink rate, combinations 
thereof, and the like), the data could be collected by the 
technology device and transmitted wirelessly by the tech 
nology device to an external device configured to receive the 
data The electronic technology or the external device may be 
configured to process the data. For example, before trans 
mission, the technology device may transform the data for 
privacy, security, data transfer efficiency, etc. The external 
device may be configured to process the data, for example 
because the external device may more easily be linked to a 
power source, cooled, etc. The external device can be 
configured to provide the data in a format that can be utilized 
in a health care decision. The data may be accessible by the 
wearer and/or a doctor or other healthcare professional, for 
example locally and/or through via a secure (e.g., HIPAA 
compliant) network. 
0.138 Another application of this technology could be use 
by people in environmentally challenging environments, for 
example intelligence agents, special forces soldiers, astro 
nauts, police officers, and/or firefighters. Various sensors 
(e.g., external environmental sensors (e.g., for oxygen level. 
atmospheric pressure, temperature, infrared heat sensors) 
and/or internal biometric sensors (e.g., for oxygen level. 
temperature, heart rate, heart rhythm, glucose level, etc.) 
could be centrally assessed in an external computing device 
(e.g., a Smartphone), and then transmitted to the intraocular 
lens to project information onto the retina in a dashboard 
type configuration. This information could be used to help 
them avoid danger and/or more effectively perform their 
duties. The technology could also be advantageous to per 
forming any tasks that could benefit from a heads-up display 
Such as Surgery (e.g., recognition and labeling of anatomical 
structures), mechanical repair (e.g., recognition and labeling 
of mechanical elements), translation (e.g., from a first lan 
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guage to a second language), business identification (e.g., 
based on user ratings, health ratings, etc.), directions, design, 
etc. 

0139 Generally, as blood glucose increases, the refrac 
tive index of the aqueous humor increases, which is optically 
detectable. In an example implementation of an electronic 
device, a blood glucose monitor may comprise an optical 
detector configured to monitor the refractive index of the 
aqueous humor through the pupil, for example using an 
optical detector Such as a camera. The refractive index may 
be correlated to blood glucose level via in situ electronics 
and/or raw data (e.g., images, histograms, etc.) may be 
transmitted to an external device configured to perform the 
correlation. The results may be available on and/or trans 
mitted to an external device (e.g., Smartphone, Smartwatch), 
which could trigger an alarm if the blood glucose value is 
above and/or below certain thresholds. The blood glucose 
value can inform the user about the need to ingest Sugar, take 
an insulin shot, etc. Other bodily parameters that can be 
measured in the eye include, but are not limited to, body 
temperature, heart rate, intraocular pressure, VEGF levels in 
macular degeneration patients, diabetic retinopathy, and 
retinal vein occlusion. One or all of these values may be 
visualizable on an external device (e.g., Smartphone, Smart 
watch) and/or via an internal display system (e.g., a heads 
up display). 
0140. The technology device can be used in combination 
with an intraocular lens. For example, the technology device 
can be used to control the properties of the intraocular lens 
(e.g., the refractive power, ultraviolet (UV) or visual light 
transmission properties of the IOL, etc.) and/or the proper 
ties of the prosthetic capsular device. For example, the 
technology device could be used to control the properties of 
a Calhoun adjustable lens (e.g., as described in U.S. Pat. No. 
7.988,285, which is hereby incorporated by reference in its 
entirety), an Elenza lens (e.g., as described in further detail 
below), etc. When used in combination with an IOL, the 
technology device and the IOL may be positioned such that 
the technology device does not interfere with the sight lines 
of the IOL (e.g., the technology device does not block or 
interfere with light and images transmitted through the IOL 
and, ultimately, to the retina). The technology device may be 
around the outside perimeter edge of the intraocular lens. 
For example, two separate devices, (1) an IOL and (2) the 
technology device, may each be attached at the outer edge 
of the IOL. For another example, the IOL can be manufac 
tured or adapted to have the technology device integral to the 
IOL at the outer perimeter edge of the IOL. If an IOL has a 
diameter of about 6 mm, a technology device having a width 
of about 2 mm may be added around the outer perimeter of 
the IOL, resulting in the IOL and technology device having 
a total diameter of about 10 mm. Such devices can vary in 
size, but the center is preferably at least about 1 mm to serve 
as the optic, and the entire device (technology device and 
optic) is preferably small enough to be implanted through an 
incision into the eye (e.g., the entire device may be similar 
in size to an IOL). 
0141 FIGS. 12A-12C illustrate example prosthetic cap 
Sular devices including technology devices and IOLS, and a 
manner of positioning the technology device and the IOL 
within a prosthetic capsular device. FIG. 12A shows a 
cross-section of a ring-like technology device 1202 inside a 
prosthetic capsular device 1200. FIG. 12A also depicts an 
IOL 1204 in the prosthetic capsular device 1200. FIG. 12B 
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depicts a front view of an example intraocular lens 1250 
usable in the example prosthetic capsular device 1200 
shown in FIG. 12A in which the technology device 1250 
surrounds the outer edge of the IOL 1250 (e.g., surrounds the 
outer edge of the optical surface of the IOL 1250). FIG. 12C 
depicts a top front perspective of the example intraocular 
lens 1250. The optical surface 1260 is not blocked by the 
technology device elements of the IOL 1250. The technol 
ogy device 1250 includes an element 1252 for data output, 
an element 1254 for data input or receiving, and an element 
1256 for data processing. 
0142. The prosthetic capsular device can comprise a 
material configured to shield the other internal eye structures 
from the Small amount of heat or electromagnetic waves that 
might be generated by the technology device. Examples of 
Such materials include silicone and silicone derivatives, 
acrylic, acrylic derivatives, collamer, biocompatible meth 
acrylates (e.g., PMMA), biocompatible polymers, olefins 
(e.g., polypropylene), polyimide, combinations thereof (e.g., 
silicone and polyimide), and the like. A device comprising a 
thermally insulating material Such as silicone, polyimide, 
acrylic, silicon dioxide, flexible glass, aerogels, combina 
tions thereof (e.g., silicone and polyimide), and/or the like 
may be used to inhibit or prevent heat transfer due to 
conduction. Certain device dimensions can be increased to 
increase heat insulation, although injectability concerns may 
also be considered. A reflective and/or opaque material Such 
as polyimide may be used to inhibit or prevent heat transfer 
due to radiation. Since the device is capsular, the device can 
be configured to shield (e.g., selectively shield) the ciliary 
body from heat. In some implementations, the prosthetic 
capsular device may comprise a combination of silicone and 
polyimide (e.g., polyimide overmolded on silicone). 
0143. The prosthetic capsular device can comprise a 
material or have a configuration configured to protect the 
interior of the eye from unwanted transmission of light. For 
example, the prosthetic capsular device can be designed to 
shield the posterior segment of the eye from UV light (for 
example, therapeutic UV light that is used in high concen 
tration during procedures Such as corneal cross-linking and 
in the refractive change that occurs through UV light modi 
fication of the Calhoun light adjustable lens). There are 
reports of retinal toxicity to UV exposure during these 
treatments because the pupil commonly dilates beyond the 
borders of the optic (e.g., greater than about 6 mm), and the 
UV filter coating on the posterior aspect of these lenses is 
prone to being rubbed off during folding and injecting, 
leaving the retina exposed to high doses of UV light trans 
mittance through areas in which the coating is scratched off 
and around the outer border between the pupil edge and the 
rim of the IOL. By using a prosthetic capsular device which 
is about 10.5 mm in diameter, there would be no gap 
between the border of the iris and the IOL. Other sizes of 
prosthetic capsular devices can also provide UV benefits. 
Using established materials and methods well known in the 
art of intraocular lens manufacturing, the UV chromophore 
could be substantially incorporated into the material of the 
prosthetic capsular device so this property would not be 
susceptible to failure due to inadvertent mechanical removal 
(e.g., Scratching and/or scraping off) during folding, inser 
tion, and/or unfolding of the prosthetic capsular device. 
0144. The prosthetic capsular device can have a near-UV 
and UV blocking ability, which can protect the eye from 
energy or radiation in the form of near-UV or UV light 
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emanating from the environment and utilized for therapeutic 
and refractive purposes. Intraocular lenses have been made 
with coatings that include UV blocking chromaphores, 
which can Suffer from Scratching issues upon implantation 
and other issues, as described above. There are currently 
multiple ophthalmic therapies that utilize UV light as a 
treatment modality. For example, the Calhoun light adjust 
able lens (available from Calhoun Vision, Inc. of Pasadena, 
Calif.) is an intraocular lens in which the refractive power 
can be changed post-operatively through the targeted appli 
cation of near-UV and UV light of a specific wavelength for 
various time periods using a proprietary exposure algorithm. 
The back surface of the Calhoun light adjustable lens has a 
UV blocking layer, but that UV blocking layer is prone to 
being mechanically damaged (e.g., rubbed or Scratched off) 
upon insertion of the lens, rendering the UV blocking layer 
potentially ineffective such that when the near-UV or UV 
light treatment is performed to adjust the lens power post 
operatively, the patients are prone to near-UV and UV 
radiation exposure related complications to the contents of 
the posterior segment (ciliary body, retina, optic nerve, etc.). 
The diameter of the Calhoun lens optic is 6.0 mm, which for 
many patients is smaller than the dilated pupil such that UV 
light may pass by the edges of the lens. For these patients, 
applying a wide beam of near-UV or UV light to the lens has 
the potential to cause UV radiation exposure related com 
plications to the contents of the posterior segment (ciliary 
body, retina, optic nerve, etc.). If this light adjustable lens is 
placed inside a prosthetic capsular device that is larger or 
much larger than the dilated pupil and that has the ability to 
block near-UV and UV light, there could be a reduced 
likelihood of UV radiation related complications during the 
post-operative treatment. 
0145. In some implementations, a capacitor, series of 
capacitors, and/or a rechargeable battery that can be 
recharged by a device from outside the eye (such as by 
external induction) may supply power to the technology 
device. The battery changer could be incorporated into a 
sleeping device Such as a facemask, pillow, mattress, or bed 
linen to charge the battery during a user's sleep, Sunglasses, 
a headband, or a hat to charge the battery while the user is 
outdoors, and/or spectacle frames or other appropriate 
devices for when the user is indoors. Preferably, the transfer 
of electricity to power a technology device either directly or 
through the charging of a battery is via an inductive charging 
system such as through resonant inductive coupling. For 
example, the external device could contain an induction coil 
and would be connected to a power source in order to 
generate an alternating electromagnetic field, and the tech 
nology device could contain a second induction coil con 
figured to harness power from the alternating electromag 
netic field generated by the external device and to convert 
the power into electricity to charge the battery. The pros 
thetic capsular device can be designed to shield the posterior 
segment structures, such as the iris, Zonules, ciliary body, 
ciliary process, etc., from heat generated by the charging of 
batteries through external induction, or the discharge of heat 
generated by a technology device, for example using certain 
materials and techniques as described above. Increased local 
temperatures can result in inflammation and uveitis, and 
ultimately limit the biocompatibility of technology device. 
Utilizing a prosthetic capsular device having optical clarity 
and with thermal insulating properties (e.g., comprising 
silicone, silicone derivatives, polyimide, combinations 
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thereof, the like, and/or other appropriate materials) could 
provide appropriate thermal insulation without adversely 
affecting visual function. 
0146 The prosthetic capsular device can be designed to 
be photo-responsive so as to shield the retina from unwanted 
light, which could provide a number of uses. 
0147 For a first example, people with chronic light 
sensitivity may want a permanent decrease in the light 
transmitted. This would function like permanent internal 
Sunglasses. A light blocking chromophore of any and all 
various wavelengths, and of any and all densities of trans 
mission could be added to the material formulation, baked 
into material, contained in a film that can be layered and 
bonded to the prosthetic capsular device, and/or absorbed/ 
adsorbed intofonto the prosthetic capsular device. 
0.148. For a second example, people might want to have 
a device in the eye that darkens in the light and becomes 
more clear/transparent in the dark (photogrey, photobrown). 
Photochromatic materials (e.g., silver chloride, silver 
halide), which change shape and light absorption profile in 
response to the presence or absence of UV light, could be 
added to the material formulation, baked into material, 
contained in a film that can be layered and bonded to the 
prosthetic capsular device, and/or absorbed/adsorbed into/ 
onto the prosthetic capsular device. Photochromatic mate 
rials may be combined with light blocking chomophores. 
0149 For a third example, people might want to take 
advantage of the pinhole effect that can be created by using 
a small aperture. This can be achieved by darkening all but 
the central 1-2 mm (approximately) of the prosthetic cap 
Sular device. This effect could be permanent (e.g., compris 
ing an opaque annular mask (e.g., comprising polyvi 
nylidene fluoride (PVDF) and carbon nanoparticles) 
embedded in and/or on one or both surfaces of the refractive 
portion) or transient (e.g., using a color shifting and/or liquid 
crystal technology to create an annular mask that is opaque 
or has reduced transmittance). The mask could have an outer 
diameter between about 3 mm and about 3.5 mm (e.g., about 
3.25 mm). The mask could have an inner diameter between 
about 1 mm and about 1.5 mm (e.g., about 1.35 mm). The 
mask could have a thickness between about 4 um and about 
6 um (e.g., about 5um), although thickness may vary based 
on the number of masks. The mask may comprise a plurality 
of microperforations, for example Small enough to not allow 
Substantial light passage or to create diffractive dispersion, 
but removing enough material to increase flexibility of the 
mask. In good lighting, the patient would be able to read due 
to the transient pinhole effect that would be created. In low 
lighting, the pinhole effect would be removed. Such a device 
could improve near and intermediate vision, increase depth 
of focus (e.g., by at least about 1.5 D), maintain good 
distance vision, inhibit creation of competing focal points, 
glare, halos, night-vision problems, double vision, ghosting, 
etc., maintain binocularity for distance, and/or maintain 
binocular contrast sensitivity. 
0150. In certain non-limiting examples, the prosthetic 
capsular devices described herein could perform one or 
more of the following functions: provide a protected pros 
thetic receptacle having refractive properties, for an 
intraocular electronic technology device having the ability to 
send and receive wireless data, and/or interact with internal 
or external controls through external eye movements, pupil 
movement, ciliary body contraction, Voice, and or controls 
from other prostheses (contacts, glasses, computer Screens, 
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projectors); provide a protected prosthetic receptacle for 
battery storage, designed to power electronic intraocular 
technology, provide a protected prosthetic receptacle for an 
electric powered accommodating intraocular lens (such as 
the Elenza lens); and/or provide a protected prosthetic 
receptacle for the repair or replacement of intraocular tech 
nology including traditional lenses, and electric powered 
devices as described above. 

0151 Referring again to FIGS. 4B-4G and the descrip 
tion of example animal study procedures, FIGS. 13 A-23E 
are photographs of results of an animal study conducted 
along the same lines. In five rabbits, a prosthetic capsular 
device 400 as shown in FIGS. 4G-4I and described above, 
and then an IOL (AcrySof SN60AT, a single-piece hydro 
phobic acrylic IOL manufactured by Alcon) were inserted 
into the right eye of each rabbit, and only an IOL was 
inserted into the left eye of each rabbit. The procedure for 
the prosthetic capsular device and IOL eyes was as described 
above, and the procedure for the IOL-only eyes was sub 
stantially the same without the prosthetic capsular device 
steps. 
0152 FIGS. 13A and 13B are photographs of animal 
study results annotated to highlight certain features. Since 
the location, shading, coloration, etc. can vary based on 
variations in device location, lighting, anatomy, and the like, 
FIGS. 13A and 13B are somewhat redundantly provided to 
provide the reader with the ability to identify the identified 
features in the variety of photographs described below. In 
FIGS. 14A-23C, four photographs are provided for each 
figure with different lighting conditions, focal points, angles, 
etc. to provide at least one figure illustrative of the condition 
of the eye; however, the photographs in each figure are of the 
same eye at the same time (e.g., after one week, after two 
weeks, after three weeks, or after four weeks). 
0153 FIG. 13A, which is an annotated version of FIG. 
18B (upper left photograph), illustrates an anterior capsu 
lorhexis 4402 (shown by short dashes), a refractive surface 
4404 (shown by long dashes) of an IOL, an anterior opening 
4406 (shown by intermediate dashes) of a prosthetic capsu 
lar device containing the IOL, and IOL haptics 4408. FIG. 
13B, which is an annotated version of FIG. 18A (upper right 
photograph), illustrates an anterior capsulorhexis 4412 
(shown by short dashes), a refractive surface 4414 (shown 
by long dashes) of an IOL, an anterior opening 4416 (shown 
by intermediate dashes) of a prosthetic capsular device 
containing the IOL, and IOL haptics 4418. Photographs of 
eyes used for control (e.g., consisting essentially of an IOL) 
do not show an anterior opening of a prosthetic capsular 
device. 

0154 Rabbit eyes are highly inflammatory such that each 
week in a rabbit is approximately six months in a human. 
Four weeks in a rabbit, the last two sets of photographs in 
each figure set (i.e., “D” and “E”), is substantially equivalent 
to the effects after approximately two years in a human. 
0155 FIGS. 14A-14E are photographs of animal study 
results for a right eye of a first rabbit. FIG. 14A is after one 
week, FIG. 14B is after two weeks, FIG. 14C is after three 
weeks, and FIGS. 14D and 14E are after four weeks. FIGS. 
14A-14E illustrate an anterior capsulorhexis 4502, a refrac 
tive surface 4504 of an IOL, an anterior opening 4506 of a 
prosthetic capsular device containing the IOL, and IOL 
haptics 4508. The IOL haptics 4508 are not visible in some 
figures, although the position of the haptics may be assumed 
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based on other figures and/or the position of any visible 
portions of the IOL flared radially outwardly to form the 
start of the haptics. 
0156. As described above, the natural capsular bag 
undergoes chronic changes after cataract Surgery believed to 
be largely due to the presence and continued growth of 
epithelial cells remaining on the natural capsular bag. If the 
entire natural capsular bag becomes fibrotic, and phimosis 
persists, there can be Zonular dehiscence and changes to the 
effective lens position over time. Significant opacification of 
the natural capsular bag may be remedied by a Nd:YAG 
laser posterior capsulotomy. FIGS. 14A-14C show that 
epithelial cell migration and propagation has been Success 
fully mediated by use of the prosthetic capsular device. Even 
after four weeks, the natural capsular bag is Substantially 
free of PCO, which is best seen by comparison to FIGS. 
15A-15D, which show the left eye of the same rabbit during 
the same time periods. Without being bound by any particu 
lar theory, the Applicant believes that the prosthetic capsular 
device filling or Substantially filling the natural space or 
volume of the natural capsular bag inhibits or prevents PCO. 
(O157 FIG. 14B shows a small tear 4510 in the prosthetic 
capsular device at approximately a 9 o'clock position. Even 
with this small defect, which was not present in the other 
four eyes containing a prosthetic capsular device and which 
is not believed to be a chronic problem, no irritation or 
opacification is evidenced in eyes containing a prosthetic 
capsular device. The eyes containing a prosthetic capsular 
device show some irritation of the vitreous. 
0158 FIG. 14E shows a Soemmering's ring 4512 and 
material 4514 on a posterior surface of the IOL. The 
Soemmering's ring 4512 is a toroidal collection of lens 
epithelial cells that have transformed and grown after the 
cataract has been removed. This occurs in the natural 
capsular bag after removal of the natural lens as a result of 
mesenchymal epithelial transformation thought to be caused 
by a combination of inflammatory mediators and contact 
between the anterior capsule and the posterior capsule. 
0159 FIGS. 15A-15E are photographs of animal study 
results for a left eye of the first rabbit. FIG. 15A is after one 
week, FIG. 15B is after two weeks, FIG. 15C is after three 
weeks, and FIGS. 15D and 15E are after four weeks. FIGS. 
15A-15E illustrate an anterior capsulorhexis 4602, a refrac 
tive surface 4604 of an IOL, and IOL haptics 4608. The IOL 
haptics 4608 are not visible in some figures, although the 
position of the haptics may be assumed based on other 
figures and/or the position of any visible portions of the IOL 
flared radially outwardly to form the start of the haptics. 
(0160. The first easily identifiable difference between the 
right eye of FIGS. 14A-14D and the left eye of FIGS. 
15A-15D is the significant fibrosis 4612 of the natural 
capsular bag, even after only two weeks (FIG. 15B). Fibro 
sis, the epithelial-mesenchymal transition of the lens epi 
thelial cells to muscle cells (or contractile tissue or myofi 
broblast tissue), can cause opacification and/or can increase 
the elasticity of the natural capsular bag, which can cause 
contraction. Each are undesirable, but in combination, con 
traction and opacification can reduce an amount of light that 
can pass through the eye to the retina, reducing vision. 
0.161. A normal eye under normal lighting conditions 
takes in light between about 3 mm and about 6 mm. Under 
bright light conditions, the normal eye may reduce light 
intake to between about 1 mm and about 2 mm. Under low 
light conditions, the normal eye may increase light intake to 
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between about 7 mm and about 8 mm. Due to the contraction 
and fibrosis, the effective diameter at which the left eye of 
FIGS. 15A-15D can take in light is about 4.1 mm, which 
significantly impairs the vision in that eye except under the 
best lighting conditions. The effective diameters provided 
herein are rough approximations based on the photographs, 
but are precise enough to show visual impairment. 
0162 The second easily identifiable difference between 
the right eye of FIGS. 14A-14D and the left eye of FIGS. 
15A-15D is the migration or shifting of the position of the 
IOL. The last figure (“E”) for each set of eye figures, which 
is a gross section, best shows the centering of the IOL. The 
IOLs in the right eyes, which also include a prosthetic 
capsular device, were generally more centered and sat more 
posterior than the IOLs in the left eyes, in which the IOL is 
more flat in line with the collapsed natural capsular bag. 
0163 FIG. 15E shows a Soemmering's ring 4614 and the 
inception of PCO 4616. As described in further detail herein, 
PCO is the formation of a partially opaque membrane by the 
reproduction of lens epithelial cells along the posterior of the 
natural capsular bag. In contrast, material on the posterior 
surface, for example as described with respect to FIG. 14E, 
is most likely retrained Viscoelastic that has some residual 
trapped fibrin or inflammatory precipitate contained within 
it 
0164 FIGS. 16A-16E are photographs of animal study 
results for a right eye of a second rabbit. FIG. 16A is after 
one week, FIG. 16B is after two weeks, FIG. 16C is after 
three weeks, and FIGS. 16D and 16E are after four weeks. 
FIGS. 16A-16E illustrate an anterior capsulorhexis 4702, a 
refractive surface 4704 of an IOL, an anterior opening 4706 
of a prosthetic capsular device containing the IOL, and IOL 
haptics 4708. The IOL haptics 4708 are not visible in some 
figures, although the position of the haptics may be assumed 
based on other figures and/or the position of any visible 
portions of the IOL flared radially outwardly to form the 
start of the haptics. The IOL is well centered in the prosthetic 
capsular device, which can be seen by the positions of the 
refractive surface 4704 of the IOL and the anterior opening 
4706 of the prosthetic capsular device. In contrast to FIGS. 
14A-14D, FIGS. 16A-16D, as well as FIGS. 18A-18D, 
20A-20D, and 22A-22D, show that the prosthetic capsular 
device was not torn, which is generally preferably even 
though tearing did not cause irritation in the eye of the first 
rabbit. The natural capsular bag is substantially free of 
fibrosis. 

0.165 FIG.16E shows a Soemmering's ring 4712, mate 
rial 4714 on the posterior surface of the IOL, material 4716 
attached to the posterior capsule at the vitreous face, and the 
inception of peripheral PCO 4718. FIG. 16E also shows a 
mild reaction in the anterior vitreous with some small 
clumps of lymphocytes 4720 in the anterior vitreous, indica 
tive of a low-grade vitritis. 
0166 FIGS. 17A-17E are photographs of animal study 
results for a left eye of the second rabbit. FIG. 17A is after 
one week, FIG. 17B is after two weeks, FIG. 17C is after 
three weeks, and FIGS. 17D and 17E are after four weeks. 
FIGS. 17A-17E illustrate an anterior capsulorhexis 4802, a 
refractive surface 4804 of an IOL, and IOL haptics 4808. 
The IOL haptics 4808 are not visible in some figures, 
although the position of the haptics may be assumed based 
on other figures and/or the position of any visible portions of 
the IOL flared radially outwardly to form the start of the 
haptics. As in FIGS. 46A-46E, and in stark contrast to the 
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right eye of FIGS. 16A-16E, the left eye of FIGS. 17A-17E 
evidence significant fibrosis 4812 of the natural capsular 
bag, best seen in FIG. 17C. FIGS. 15A-15E also shown 
contraction of the anterior capsulorhexis 4802. Due to the 
contraction and fibrosis, the effective diameter at which the 
left eye of FIGS. 17A-17E can take in light is about 4.3 mm. 
which significantly impairs the vision in that eye except 
under the best lighting conditions. 
0.167 FIGS. 18A-18E are photographs of animal study 
results for a right eye of a third rabbit. FIG. 18A is after one 
week, FIG. 18B is after two weeks, FIG. 18C is after three 
weeks, and FIGS. 18D and 18E are after four weeks. FIGS. 
18A-18E illustrate an anterior capsulorhexis 4902, a refrac 
tive surface 4904 of an IOL, an anterior opening 4906 of a 
prosthetic capsular device containing the IOL, and IOL 
haptics 4908. The IOL haptics 4908 are not visible in some 
figures, although the position of the haptics may be assumed 
based on other figures and/or the position of any visible 
portions of the IOL flared radially outwardly to form the 
start of the haptics. The natural capsular bag is Substantially 
free of fibrosis. FIG.18E shows material 4912 on a posterior 
surface of the IOL and the inception of peripheral PCO 
4614. 

(0168 FIGS. 19A-19E are photographs of animal study 
results for a left eye of the third rabbit. FIG. 19A is after one 
week, FIG. 19B is after two weeks, FIG. 19C is after three 
weeks, and FIGS. 19D and 19E are after four weeks. FIGS. 
19A-19E illustrate an anterior capsulorhexis 5002, a refrac 
tive surface 5004 of an IOL, and IOL haptics 5008. The IOL 
haptics 5008 are not visible in some figures, although the 
position of the haptics may be assumed based on other 
figures and/or the position of any visible portions of the IOL 
flared radially outwardly to form the start of the haptics. Out 
of all the left eyes, FIGS. 19A-19E show the most dramatic 
contraction of the natural capsular bag, which can be seen by 
the size of the anterior capsulorhexis 4902. Due to the 
contraction and fibrosis, the effective diameter at which the 
left eye of FIGS. 19 A-19E can take in light is about 4.2 mm, 
which significantly impairs the vision in that eye except 
under the best lighting conditions. FIG. 19E also shows 
PCO. 

0169 FIGS. 20A-20E are photographs of animal study 
results for a right eye of a fourth rabbit. FIG. 20A is after one 
week, FIG. 20B is after two weeks, FIG. 200 is after three 
weeks, and FIGS. 20D and 20E are after four weeks. FIGS. 
20A-20E illustrate an anterior capsulorhexis 5102, a refrac 
tive surface 5104 of an IOL, an anterior opening 5106 of a 
prosthetic capsular device containing the IOL, and IOL 
haptics 5108. The IOL haptics 5108 are not visible in some 
figures, although the position of the haptics may be assumed 
based on other figures and/or the position of any visible 
portions of the IOL flared radially outwardly to form the 
start of the haptics. FIGS. 20A-20E show that the prosthetic 
capsular device may have been poorly centered in the 
natural capsular bag and/or that the natural capsular bag 
contracted, but the natural capsular bag is Substantially free 
of fibrosis such that mis-centering and/or contraction does 
not present a serious issue, as light may pass through the 
still-epithelial natural capsular bag cells. FIG. 20E shows 
material 5112 on a posterior surface of the IOL. The right 
eye of the fourth rabbit also shows a small amount of fibrin 
peripherally between the prosthetic capsular device and the 
IOL, discussed in further detail below. 
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0170 FIGS. 21A-21E are photographs of animal study 
results for a left eye of the fourth rabbit. FIG. 21A is after 
one week, FIG. 21B is after two weeks, FIG. 21C is after 
three weeks, and FIGS. 21D and 21E are after four weeks. 
FIGS. 21A-21E illustrate an anterior capsulorhexis 5202, a 
refractive surface 5204 of an IOL, and IOL haptics 5208. 
The IOL haptics 5208 are not visible in some figures, 
although the position of the haptics may be assumed based 
on other figures and/or the position of any visible portions of 
the IOL flared radially outwardly to form the start of the 
haptics. Like several of the other left eyes, FIGS. 21A-21E 
show significant fibrosis and contraction. Due to the con 
traction and fibrosis, the effective diameter at which the left 
eye of FIGS. 21A-21E can take in light is about 2.6 mm. 
which significantly impairs the vision in that eye except 
under the best lighting conditions. FIG. 21E also shows 
PCO. 

0171 FIGS. 22A-22E are photographs of animal study 
results for a right eye of a fifth rabbit. FIG.22A is after one 
week, FIG. 22B is after two weeks, FIG. 22C is after three 
weeks, and FIGS. 22D and 22E are after four weeks. FIGS. 
22A-22E illustrate an anterior capsulorhexis 5302, a refrac 
tive surface 5304 of an IOL, an anterior opening 5306 of a 
prosthetic capsular device containing the IOL, and IOL 
haptics 5308. The IOL haptics 5308 are not visible in some 
figures, although the position of the haptics may be assumed 
based on other figures and/or the position of any visible 
portions of the IOL flared radially outwardly to form the 
start of the haptics Like FIGS. 18A-18E, FIGS. 22A-22E 
show good centering of the prosthetic capsular device in the 
natural capsular bag, and lack of fibrosis. FIG. 22E shows 
material 5312 on a posterior surface of the IOL and periph 
eral PCO 5314. 

0172 FIGS. 23 A-23E are photographs of animal study 
results for a left eye of the fifth rabbit. FIG. 23A is after one 
week, FIG. 23B is after two weeks, FIG. 23C is after three 
weeks, and FIGS. 23D and 23E are after four weeks. FIGS. 
23A-23E illustrate an anterior capsulorhexis 5402, a refrac 
tive surface 5404 of an IOL, and IOL haptics 5408. The IOL 
haptics 5408 are not visible in some figures, although the 
position of the haptics may be assumed based on other 
figures and/or the position of any visible portions of the IOL 
flared radially outwardly to form the start of the haptics. 
Like several of the other left eyes, FIGS. 21A-21E show 
significant fibrosis and contraction. Due to the contraction 
and fibrosis, the effective diameter at which the left eye of 
FIGS. 23A-23E can take in light is about 4.5 mm, which 
significantly impairs the vision in that eye except under the 
best lighting condition. 
0173 The reduction in the effective diameter shows why 
PCO can be so detrimental and preferably reduced or 
prevented. As described above, a Nd:YAG laser may be used 
to ablate the natural capsular bag to remove the opaque 
membrane. If the natural capsular bag separating the vitre 
ous is removed, then post-PCO treatment operation on an 
IOL absent a prosthetic capsular device could result in 
anterior flow of vitreous. A careful user may be able to 
Viscodissect an IOL from an eye and place a prosthetic 
capsular device comprising a posterior Surface into the eye 
to inhibit or prevent the flow of vitreous. The eye of a 
post-PCO subject with an existing IOL issue may be sal 
vageable using a prosthetic capsular device, providing 
another potential advantage and/or use. 
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(0174. One goal of the animal studies of FIGS. 14A-23E 
was to show that use of a prosthetic capsular device was not 
worse for the eye than use of an IOL alone. The right eyes 
were all substantially free of fibrosis (e.g., almost totally 
pristine), IOL position shift, and anterior capsulorhexis 
contraction. By contrast, the left eyes generally showed 
significant fibrosis, IOL migration, and significantasymmet 
ric contraction of the capsulorhexis. The animal studies 
empirically show that the use of a prosthetic capsular device 
can provide at least some of the advantages discussed herein. 
0.175 Slight damage to the prosthetic capsular devices 
Such as Small tears in the edge of the anterior opening may 
have occurred due to insertion through the Accuject 2.2 mm 
injectors. Upon any incomplete injection of the prosthetic 
capsular device into the natural capsular bag, the prosthetic 
capsular device was manipulated with a collar button hook 
after injection to complete in-the-bag fixation. The manipu 
lation and/or a hard push on the injector may have caused the 
damage. Injection of the prosthetic capsular device fully into 
the natural capsular bag (e.g., without further manipulation 
or repositioning), for example using a different injector, may 
reduce the risk of tearing the prosthetic capsular device. 
0176) Inflammation of the vitreous in right eyes, starting 
after about two weeks and then decreasing throughout the 
follow up, may have been due to the material of the 
prosthetic capsular device being sterilized, but not having 
undergone an extensive extraction process Such that 
uncrosslinked siloxane monomers can leach out of the 
material over time. Extraction prior to sterilization and 
packaging of the prosthetic capsular device, for example 
single, double, triple, or more extractions to promote cross 
linking (e.g., Substantially total crosslinking), may reduce 
Such inflammation. 

0177 Fibrin formation between the prosthetic capsular 
device and the IOL may have been due to incomplete 
viscoelastic removal and/or residual OVD remained trapped 
behind the IOL. More aggressive viscoelastic evacuation 
after the implantation, use of a more cohesive viscoelastic 
material, which may be easier to remove than dispersive 
viscoelastic materials, and/or an OVD removal technique 
may reduce the such fibrin formation. There was little 
change in the fibrin material throughout the four weeks. 
Fibrin was also generally observed at the level of the 
capsulorhexis edge in the left eyes, which was resolved 
within two weeks. 

0.178 Dilation or significant dilation of the natural cap 
Sular bag was generally associated with the presence of the 
prosthetic capsular device. However, ACO was absent, for 
example due to lack of contact between the residual anterior 
capsule and the anterior Surface of the prosthetic capsular 
device, such that the dilation was not a negative result. 
0179 The right eyes, in which a prosthetic capsular 
device was placed before an IOL, showed significantly 
reduced Soemmering's ring formation compared to the left 
eyes, in which only an IOL was placed. The right eyes 
showed reduced central and peripheral PCO compared to the 
left eyes. A different edge profile (e.g., square) of a pros 
thetic capsular device, for example as described herein, may 
provide a better effect against PCO. PCO at week 4 of the 
examination was scored as a 0 in the right eyes and as 2-1 
in the left eyes (two-tail P=0.01; t-Test: Paired Two Sample 
for Means). ACO was found to be absent in the right eyes 
and was mile (0.5 or 1) in the left eyes. 
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0180 Central PCO was scored (two-tail P=0.05; t-Test: 
Paired Two Sample for Means.) as 0.1+0.22 for right eyes 
and 1.2+0.75 for left eyes. Peripheral PCO was scored 
(two-tail P=0.23; t-Test: Paired Two Sample for Means) as 
0.8+0.83 for right eyes and 1.8+0.83 for left eyes; the 
amount of PCO varied from a trace to moderate PCO. 
Soemmering's ring formation was scored (two-tail P=0.006; 
t-Test: Paired Two Sample for Means) as 2.8+0.83 for right 
eyes and 8.6+2.19 for left eyes; the left eyes all showed a 
moderate Soemmering's ring formation with proliferation of 
cortical material in the periphery. In all cases, a lower 
number indicates better results. In all parameters, eyes with 
a prosthetic capsular device scored better than eyes without 
a prosthetic capsular device. 
0181 All prosthetic capsular devices were found to be 
fully fixated inside of the natural capsular bag and centered. 
The IOL in FIGS. 14A-14E was very slightly decentered 
inside of the prosthetic capsular device. Mild IOL decen 
tration (0.5 or 1) inside of the prosthetic capsular bag was 
observed in two left eyes. 
0182. There was no sign of untoward inflammation or 
toxicity on any of the left eyes. There was no sign of any 
toxicity or inflammation on four of the five right eyes. As 
mentioned above with respect to FIG. 16E, one right eye 
showed a mild anterior vitritis. 
0183 Referring again to the disclosure regarding use of 
the technology device to control the properties of an IOL, 
FIG. 24A is a flowchart of an example of controlling focus 
of an IOL using an external device. Starting at block 5500, 
the external device receives input from a user at block 5502. 
An example of user input is control of an external device 
(e.g., external to the eye) such as a Smartwatch, Smartphone, 
and the like. In some implementations, control of the exter 
nal device is with a second external device. For example, a 
user wearing a ring on one hand may touch a Smartwatch 
worn on the opposite wrist to complete a circuit, send a 
signal (e.g., via near-field communication (NFC)), or oth 
erwise communicate. In some implementations, the user 
operation 5502 does not require full attention of the user 
(e.g., attention to a display) Such that the focus can be 
controlled without the user deviating from another activity 
Such as driving or communicating with someone. For 
example, a user may initiate an operation by a series of taps 
on a Smartwatch or a voice command based on built-in Voice 
recognition Such as Siri on Apple devices or OK Google on 
Android devices. In some implementations, features of a 
Smartphone (e.g., volume buttons) and/or a Smartwatch (e.g., 
a rotatable knob) can be manipulated, which may provide 
fine tuning of and/or adjusting of the focus. Operation of a 
Software application running on an external device that is 
configured to control the IOL is also possible. 
0184. Upon receipt of the user input at block 5502, the 
external device wirelessly transmits an electronic message at 
block 5504 to the IOL. The wireless transmission may be in 
accordance with a standard wireless protocol Such as Blu 
etooth or a specialized wireless protocol, for example to 
enhance security and/or safety. As described above, the 
external device may be a single device or a series of devices 
operating in conjunction with each other. For example, the 
external device that emits the wireless transmission at block 
5504 may be a smartwatch. For another example, the 
external device that emits the wireless transmission at block 
5504 may be a smartphone that received a first wireless 
transmission from a Smartwatch. The wireless transmission 
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is configured to be received by a technology device and/or 
an IOL configured to process the wireless transmission and 
cause focus adjustment. 
0185. In some implementations, the wireless transmis 
sion is received by the technology device of the prosthetic 
capsular device, which then controls operation of an adjust 
able-focus IOL in the prosthetic capsular device. In some 
implementations, the wireless transmission is received by 
the adjustable-focus IOL in the prosthetic capsular device 
directly (e.g., if the prosthetic capsular device lacks a 
Suitable technology device or any technology device, or in 
the absence of the use of a prosthetic capsular device for 
Suitable IOLS). In some implementations, the wireless trans 
mission is received by another device that communicates 
with the technology device of the prosthetic capsular device 
and/or the adjustable-focus IOL in the prosthetic capsular 
device. For example, the Smartwatch may send a wireless 
transmission to a Smartphone, which emits a secondary 
wireless transmission that may be received by the IOL, the 
technology device, etc. One or more of the wireless trans 
missions may be sent over a network. Intraocular commu 
nication may be wireless (e.g., based on the same or different 
wireless standard) or wired (e.g., based on electrical contact 
between an exterior of the IOL haptics and an interior of the 
prosthetic capsular device). 
0186. In response to the wireless transmission or a sec 
ondary wireless transmission, the IOL focus adjusts at block 
5506. The block 5506 is shown in dashed outline because the 
process may be performed by another device (e.g., the IOL). 
The focus may adjust for near objects by increasing refrac 
tive power (e.g., to allow the user to focus on near objects) 
and/or adjust for intermediate to distance vision by decreas 
ing refractive power (e.g., to allow the user to focus on 
intermediate and/or distant objects). 
0187. An example of an IOL that may be focus adjusted 
at block 5504 is ELENZA Sapphire from Elenza. Upon 
sensing a change in the natural pupil, the Elenza IOL can 
accommodate, or focus. For example, upon sensing that the 
natural pupil is constricting, the Elenza IOL can myopically 
accommodate. As another example, upon sensing that the 
natural pupil is dilating, an IOL may return to the dis 
accommodated State for emmetropia. As another example, 
upon sensing that the natural pupil is dilating, an IOL may 
return adjust focus for intermediate and/or distant object 
viewing. In some implementations, the transmission at block 
5506 may effect accommodation regardless of a state of the 
natural pupil. In some implementations, the transmission at 
block 5506 may effect accommodation in combination with 
sensing of a change in a natural pupil. 
0188 Another example of focus adjustment at block 
5504 is by a technology device comprising an artificial pupil 
or electronically-controlled iris diaphragm configured to 
selectively block light transmission into the eye. The trans 
mission at block 5506 can instruct the artificial pupil to 
constrict and/or dilate. In some implementations, an artificial 
pupil could effectively work for patients with damaged or 
missing iris tissue and/or to provide increased depth of 
focus, creating a hyperfocality by decreasing the effective 
aperture size. In some implementations, an artificial pupil 
allows the user to achieve better near and intermediate 
vision in adequate lighting, without the loss of distance 
vision. An example of a static device that could achieve 
these refractive benefits is the Acufocus Kamra. This device 
is typically implanted either in the cornea or upon an IOL, 
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and heretofore not been controllable by the user, for example 
in a manner that can increase or optimize functionality. In 
Some implementations, upon application of an electrical 
wireless transmission, the technology device works simi 
larly to a camera aperture, closing circumferentially from the 
limbal toward the visual axis. In some implementations, 
upon application of an electrical wireless transmission, the 
molecular configuration of liquid crystals in the technology 
device orient to make an edge opaque, akin to the result of 
pupil constriction. The artificial pupil may work in combi 
nation with the natural pupil, or may provide beneficial 
refractive effects independent of the natural pupil. In some 
implementations, an artificial pupil may work in combina 
tion with accommodation of an IOL such as the Elenza IOL. 
In some implementations, a technology device of the pros 
thetic capsular device comprises the artificial pupil, which 
may be used in combination with an IOL, an accommodat 
ing IOL, or without an IOL. 
0189 Another example of an IOL that may be focus 
adjusted at block 5504 is Light Adjustable Lens (LAL) from 
Calhoun Vision that has not been locked in. Upon applica 
tion of an electrical wireless transmission, light is directed to 
cause photopolymerization of macromers and Swelling in an 
illuminated area, causing a change in power. The focus of 
the IOL may be changed using a microSolenoid (e.g., appli 
cation of an electrical wireless transmission to a coil creates 
a magnetic field that attracts or repels a magnetic material 
coupled to a refractive surface), MEMS (e.g., application of 
an electrical wireless transmission creates an electrostatic 
charge that attracts a hinged metallic material coupled to a 
refractive surface), etc. The entire IOL or portions thereof 
(e.g., a refractive surface) may move within the prosthetic 
capsular device, providing a focusing mechanism to non 
adjustable IOLs. 
0190. In some implementations, the IOL and/or the tech 
nology device may send a wireless transmission, command 
instruction, computer-generated message, or the like to the 
external device to confirm that focus adjusted. Although the 
focus adjustment may be visible to a user, Such feedback 
may aid in initial setup, calibration, troubleshooting, etc. In 
certain Such implementations, the process may optionally 
further comprise receipt of a confirmation wireless trans 
mission by the external device that the focus was adjusted. 
0191 The external device may optionally be configured 
to receive other wireless transmissions from the IOL and/or 
the technology device (e.g., low battery, error codes, limits 
reached, etc.). In certain such implementations, the emission 
of the wireless transmission by the external device 5504 may 
be based on confirmation that the IOL is able to focus in 
accordance with the wireless transmission. The external 
device may optionally be configured to receive other wire 
less transmissions from the IOL and/or the technology 
device other than regarding focus, for example as described 
in further detail herein. 

(0192. The process ends at block 5508. The focus of the 
IOL may revert after Some amount of time or in response to 
a second wireless transmission from the external device 
(e.g., upon receipt of a second user input). Some of the 
processes discussed above and other processes are described 
in more detail with respect to FIGS. 24B-24F. 
0193 FIG.24B is a schematic of a system for controlling 
an electronic device (e.g., technology device and/or an IOL) 
using an external device. In the illustrated flowchart, a 
prosthetic capsular device 5510 includes a technology 
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device. The prosthetic capsular device 5510 at least partially 
contains an IOL 5512. The technology device of the pros 
thetic capsular device 5510 and/or the IOL 5512 is in 
communication with a primary external device 5514. The 
primary external device 5514 may comprise, for example, a 
Smartphone, a Smartwatch, etc. The primary external device 
5514 is optionally in communication with a secondary 
external device 5516. The secondary external device 5516 
may comprise, for example, a Smartwatch (e.g., in combi 
nation with the primary external device 5514 comprising a 
smartphone). The secondary external device 5516 is option 
ally in communication with a tertiary external device 5518. 
The tertiary external device 5518 may comprise, for 
example, a ring (e.g., in combination with the secondary 
external device 5516 comprising a smartwatch). The pri 
mary external device 5514, the secondary external device 
5516, and the tertiary external device 5518 may act singly, 
in Subcombination, or in full combination to, inter alia, 
receive input by a user and emit a wireless transmission to 
the technology device of the prosthetic capsular device 5510 
and/or the IOL 5512. Additional external devices (e.g., 
quartenary, quinary, etc.) are also possible. 
0194 FIG. 24C is a flowchart of an example method of 
controlling an electronic device (e.g., technology device 
and/or an IOL) using an external device. Starting at block 
5520, the external device receives input from a user at block 
5522. Upon receipt of the user input at block 5522, the 
external device processes the user input at block 5524. The 
external device may include a processing module, a static 
memory module, a dynamic or temporary memory module, 
a power source, a user input receipt module, a wireless 
transmission emitting module, a wireless transmission 
receiving module, and the like. Upon processing of the user 
input at block 5524, the external device generates an instruc 
tion command for transmission to an electronic device (e.g., 
a technology device of a prosthetic capsular device, an IOL, 
etc.) implanted in the eye at block 5526. The generation of 
the instruction command may be automatic upon receipt and 
processing of the user input, or may include further inter 
action with the user or another device. The instructions may 
include, for example, to focus the IOL. Upon generation of 
the instruction command at block 5526, the external device 
may optionally receive confirmation and/or a current status 
input from the electronic device (e.g., a technology device of 
a prosthetic capsular device, an IOL, etc.) implanted in the 
eye at block 5528. Depending on generation of the instruc 
tion command and/or receipt of the confirmation and/or 
current status input from the electronic device, the process 
may repeat starting at block 5522 or end at block 5530. 
(0195 FIG.24D is a flowchart of another example method 
of controlling an electronic device (e.g., technology device 
and/or an IOL) using an external device. Referring to FIG. 
24B, for example, the external device comprises a primary 
external device (e.g., a Smartphone) and a secondary exter 
nal device (e.g., a smartwatch). Starting at block 5532, the 
secondary external device receives input from a user at 
block 5534. Upon receipt of the user input at block 5534, the 
primary external device receives the user input from the 
secondary external device at block 5536. The primary exter 
nal device may be in wired or wireless communication with 
the secondary external device so as to receive the user input 
directly or as a result of a wireless transmission from the 
secondary external device. Upon receipt of the user input at 
block 5536, the primary external device processes the user 
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input at block 5538. Upon processing of the user input at 
block 5538, the primary external device generates an 
instruction command for transmission to an electronic 
device (e.g., a technology device of a prosthetic capsular 
device, an IOL, etc.) implanted in the eye at block 5540. The 
generation of the instruction command may be automatic 
upon receipt and processing of the user input, or may include 
further interaction with the user, the secondary external 
device, another device, etc. The instructions may include, 
for example, to focus the IOL. Upon generation of the 
instruction command at block 5540, the primary external 
device may optionally receive confirmation and/or a current 
status input from the electronic device (e.g., a technology 
device of a prosthetic capsular device, an IOL, etc.) 
implanted in the eye at block 5542. The primary external 
device and/or the secondary external device may optionally 
display the confirmation and/or current status input at block 
5544. Depending on generation of the instruction command, 
receipt of the confirmation and/or current status input from 
the electronic device, and/or display of the confirmation 
and/or current status input, the process may repeat starting 
at block 5534 or end at block 5546. 

0.196 FIG.24E is a flowchart of another example method 
of controlling an electronic device (e.g., technology device 
and/or an IOL) using an external device. Referring to FIG. 
24B, for example, the external device comprises a primary 
external device (e.g., a Smartphone) and a secondary exter 
nal device (e.g., a smartwatch). Starting at block 5550, the 
secondary external device receives input from a user at 
block 5552. Upon receipt of the user input at block 5552, the 
primary external device receives the user input from the 
secondary external device at block 5554. The primary exter 
nal device may be in wired or wireless communication with 
the secondary external device so as to receive the user input 
directly or as a result of a wireless transmission from the 
secondary external device. Upon receipt of the user input at 
block 5554, the primary external device processes the user 
input at block 5556. Upon processing of the user input at 
block 5556, the primary external device generates an 
instruction command for transmission to an electronic 
device (e.g., a technology device of a prosthetic capsular 
device, an IOL, etc.) implanted in the eye at block 5558. The 
generation of the instruction command may be automatic 
upon receipt and processing of the user input, or may include 
further interaction with the user, the secondary external 
device, another device, etc. The instructions may include, 
for example, to focus the IOL. 
0197 FIG. 24E includes a dashed horizontal line indica 
tive of processes that may be performed by the electronic 
device (e.g., a technology device of a prosthetic capsular 
device, an IOL, etc.) implanted in the eye. It will be 
appreciated that the electronic device may be separate from 
the external device, and that the processes described with 
respect to FIG.24E are examples for reference only. In some 
implementations, the external device and the electronic 
device form a system or kit. 
0198 The electronic device may receive the instruction 
command at block 5560. Upon receipt of the instruction 
command at block 5560, the electronic device may process 
the instruction command at block 5562. Upon processing of 
the instruction command at block 5562, the electronic 
device may adjust a parameter of the electronic device based 
on the instruction command at block 5564. The adjustment 
of the parameter may be automatic upon receipt and pro 
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cessing of the instruction command, or may include further 
interaction with the user, the primary external device, the 
secondary external device, and/or another device, analysis of 
the parameter and/or another parameter, etc. The parameter 
may include, for example, IOL focus (e.g., an amount of 
masking, an amount of movement, an amount of rotation, 
etc.). Upon adjustment of the parameter at block 5564, the 
electronic device may generate confirmation and/or a current 
status output at block 5566. The electronic device may 
perform more, fewer, different, differently ordered, etc. 
processes, may include interaction between multiple elec 
tronic devices (e.g., between a technology device of a 
prosthetic capsular device and an IOL), etc. 
0199 The primary external device may optionally 
receive confirmation and/or a current status input (generated 
as output) from the electronic device implanted in the eye at 
block 5568. The primary external device and/or the second 
ary external device may optionally display the confirmation 
and/or current status input at block 5570. The process ends 
at block 5572. 
0200 FIG. 24F is a flowchart of another example method 
of controlling an electronic device (e.g., technology device 
and/or an IOL) using an external device. Referring to FIG. 
24B, for example, the external device comprises a primary 
external device (e.g., a Smartphone) and a secondary exter 
nal device (e.g., a smartwatch). Starting at block 5574, the 
secondary external device receives input from a user at 
block 5576. Upon receipt of the user input at block 5576, the 
primary external device receives the user input from the 
secondary external device at block 5578. The primary exter 
nal device may be in wired or wireless communication with 
the secondary external device so as to receive the user input 
directly or as a result of a wireless transmission from the 
secondary external device. 
0201 The primary external device determines the user 
input at block 5580. In the event of a first user input, the 
primary external device generates an instruction command 
to change focus to near objects (e.g., myopic accommoda 
tion as described herein with respect to the Elenza IOL) at 
block 5582. In the event of a second user input different than 
the first user input, the primary external device generates an 
instruction command to change focus to intermediate and/or 
distant objects (e.g., emmetropia or a dis-accommodated 
state as described herein) at block 5584. For clarity, the 
Elenza IOL uses pupillary constriction as a sign that the eye 
is trying to accommodate (focus) and the lens changes focus 
based on the natural pupillary constriction. That is, the 
Elenza IOL does not cause the pupil to constrict and does not 
contain a prosthetic iris device. In some implementations, 
instruction commands described herein could, for example, 
cause the Elenza IOL to change focus regardless of con 
striction of the natural pupil. 
0202 In some implementations, for example using an 
IOL other than an Elenza IOL or by way of a technology 
device of a prosthetic capsular device, an instruction com 
mand could, for example, effect constriction or dilation of an 
artificial pupil. 
0203 Focus adjustment of an Elenza IOL and constric 
tion/dilation of an artificial pupil and are provided as 
example parameter changes, and it will be appreciated that 
other parameter changes based on different inputs is also 
possible. The generation of the instruction commands may 
be automatic upon receipt and processing of the user input, 
or may include further interaction with the user (e.g., 



US 2016/0338825 A1 

instruction command in combination with sensing of natural 
pupil dilation), the secondary external device, another 
device, etc. In some implementations, the secondary exter 
nal device may determine the user input and the primary 
external device may receive an instruction command. 
0204. Upon generation of the instruction command at 
block 5582 or 5584, the primary external device transmits 
the instruction command to an electronic device (e.g., a 
technology device of a prosthetic capsular device, an IOL, 
etc.) implanted in the eye at block 5586. The instructions 
may include, for example, to focus the IOL. Upon trans 
mission of the instruction command at block 5586, the 
primary external device may optionally receive confirmation 
and/or a current status input from the electronic device (e.g., 
a technology device of a prosthetic capsular device, an IOL, 
etc.) implanted in the eye at block 5588. The primary 
external device and/or the secondary external device may 
optionally display the confirmation and/or current status 
input at block 5590. The process ends at block 5592. 
0205 FIG. 25 is a block diagram depicting an example 
computer hardware system configured to execute software 
for implementing one or more implementations of electronic 
device control disclosed herein. In some implementations, 
the hardware systems and/or devices described above take 
the form of a computing system 5600, which is a block 
diagram of one implementation of a computing system that 
is in communication with one or more computing systems 
5618 and/or one or more data sources 5620 via one or more 
networks 5616. The computing system 5600 may be used to 
implement one or more of the systems and methods 
described herein. In some implementations, the computing 
system 5600 is configured to manage access or administer a 
software application. While FIG. 25 illustrates an example 
computing system 5600, it is recognized that the function 
ality provided for in the components and modules of the 
computing system 5600 may be combined into fewer com 
ponents and modules or further separated into additional 
components and modules. 

Electrical System 
0206. In some implementations, the computing system 
5600 comprises an electrical system 5606 configured to 
carry out one or more of the functions described herein with 
reference to control of an electronic device implanted in an 
eye, including any one of techniques described above. The 
electrical system 5606 and/or other modules may be 
executed on the computing system 5600 by a central pro 
cessing unit 5602 discussed further below. 
0207. In general, the word “module.’’ as used herein, 
refers to logic embodied in hardware or firmware, or to a 
collection of Software instructions, possibly having entry 
and exit points, Written in a programming language. Such as, 
for example, COBOL, CICS, Java, Lua, C or C++. A 
Software module may be compiled and linked into an 
executable program, installed in a dynamic link library, or 
may be written in an interpreted programming language 
such as, for example, BASIC, Perl, or Python. It will be 
appreciated that software modules may be callable from 
other modules or from themselves, and/or may be invoked 
in response to detected events or interrupts. Software 
instructions may be embedded in firmware, Such as an 
EPROM. It will be further appreciated that hardware mod 
ules may be comprised of connected logic units, such as 
gates and flip-flops, and/or may be comprised of program 
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mable units, such as programmable gate arrays or proces 
sors. The modules described herein are preferably imple 
mented as Software modules, but may be represented in 
hardware or firmware. Generally, the modules described 
herein refer to logical modules that may be combined with 
other modules or divided into sub-modules despite their 
physical organization or storage. 

Computing System Components 

0208. The computing system 5600 can comprise a central 
processing unit (CPU) 5602, which may comprise a con 
ventional microprocessor. The computing system 5600 fur 
ther comprises a memory 5604. Such as random access 
memory (RAM) for temporary storage of information and/or 
a read only memory (ROM) for permanent storage of 
information, and a mass storage device 5608, Such as a hard 
drive, diskette, or optical media storage device. In some 
implementations, the modules of the computing system 
5600 are connected to the computer using a standards based 
bus system. In some implementations, the standards-based 
bus system could include Peripheral Component Intercon 
nect (PCI), Microchannel, SCSI, Industrial Standard Archi 
tecture (ISA) and Extended ISA (EISA) architectures, for 
example. 
0209. The computing system 5600 comprises one or 
more commonly available input/output (I/O) devices and 
interfaces 5612. Such as a keyboard, mouse, touchpad, 
touchscreen, ring, printer, etc. In some implementations, the 
I/O devices and interfaces 5612 comprise one or more 
display devices, such as a monitor or touchscreen, that 
allows the visual presentation of data to a user. A display 
device can provide for the presentation of graphical user 
interfaces (GUI), application Software data, and multimedia 
presentations, for example. In some implementations, the 
I/O devices and interfaces 5612 comprise a microphone, 
motion, and/or NFC sensor that allows a user to generate 
input to the computing system 5600 using sounds, Voice, 
motion, gestures, or the like. In FIG. 25, the I/O devices and 
interfaces 5612 also provide a communications interface to 
various external devices via a link 5614 to the network 5616. 
The computing system 5600 may also comprise one or more 
multimedia devices 5610, such as speakers, video cards, 
graphics accelerators, and microphones, for example. 

Computing System Device/Operating System 

0210. The computing system 5600 may run on a variety 
of computing devices, such as, for example, a specifically 
designed device, a server, a Windows server, a Structure 
Query Language server, a Unix server, a personal computer, 
a mainframe computer, a laptop computer, a tablet computer, 
a cell phone, a Smartphone, a Smartwatch, a personal digital 
assistant, a kiosk, an audio player, an e-reader device, and so 
forth. The computing system 5600 is generally controlled 
and coordinated by operating system software. Such Z/OS, 
Windows 95, Windows 98, Windows NT, Windows 2000, 
Windows XP, Windows Vista, Windows 7, Windows 8, 
Linux, BSD, SunOS, Solaris, Android, iOS, BlackBerry OS, 
or other compatible operating systems. In Macintosh sys 
tems, the operating system may be any available operating 
system, such as MAC OS X. In some implementations, the 
computing system 5600 is controlled by a proprietary oper 
ating system. The operating system may, for example, 
control and schedule computer processes for execution, 
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perform memory management, provide file system, net 
working, and I/O services, and provide a user interface. Such 
as a GUI, among other things. 

Network 

0211 FIG. 25 illustrates the computing system 5600 is 
coupled to an optional network 5616, such as a LAN, WAN, 
or the Internet, for example, via a wired, wireless, or 
combination of wired and wireless, communication link 
5614. The network 5616 communicates with various com 
puting devices and/or other electronic devices via wired or 
wireless communication links. In FIG. 25, the network 5616 
is communicating with one or more computing systems 
5618 and/or one or more data sources 5620. 

0212. Access to the electrical system 5606 of the com 
puter system 5600 by computing systems 5618 and/or by 
data sources 5620 may be through a web-enabled user 
access point such as the computing systems’ 5618 or data 
source's 5620 personal computer, mobile device, cellular 
phone, Smartphone, Smartwatch, laptop, tablet computer, 
e-reader device, audio player, or other device capable of 
connecting or configured to connect to the network 5616. 
Such a device may have a browser module or specific 
application that is implemented as a module that uses text, 
graphics, audio, video, and other media to present data and 
to allow interaction with data via the network 5616. 
0213. The browser module or specific application may be 
implemented as a combination of an all points addressable 
display Such as a cathode-ray tube (CRT), a liquid crystal 
display (LCD), a plasma display, or other types and/or 
combinations of displays. The browser module or specific 
application may be implemented to communicate with input 
devices 5612 and may comprise software with the appro 
priate interfaces to allow a user to access data through the 
use of stylized screen elements such as, for example, menus, 
windows, dialog boxes, toolbars, and controls (for example, 
radio buttons, checkboxes, sliding scales, and so forth). The 
browser module may communicate with a set of input and 
output devices to receive wireless transmissions from the 
USC. 

0214. The input device(s) may comprise a keyboard, 
roller ball, pen and stylus, mouse, ring, Smartwatch, knob, 
trackball, Voice recognition system, or pre-designated 
Switches or buttons. The output device(s) may comprise a 
speaker, a display Screen, a printer, or a voice synthesizer. A 
touch screen may act as a hybrid input/output device. In 
Some implementations, a user may interact with the system 
through a system terminal without communications over the 
Internet, a WAN, or LAN, or similar network. 
0215. In some implementations, the system 5600 com 
prises a physical or logical connection between a remote 
microprocessor and a mainframe host computer for the 
purpose of uploading, downloading, or viewing interactive 
data and databases on-line in real time. The remote micro 
processor may be operated by an entity operating the com 
puter system 5600, including the client server systems or the 
main server system, an/or may be operated by one or more 
of the data sources 5620 and/or one or more of the com 
puting systems 5618. In some implementations, terminal 
emulation Software may be used on the microprocessor for 
participating in the micro-mainframe link. 
0216. In some implementations, computing systems 5618 
that are internal to an entity operating the computer system 
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5600 may access the electrical system 5606 internally as an 
application or process run by the CPU 5602. 

User Access Point 

0217. In some implementations, a user access point or 
user interface comprises a personal computer, a laptop 
computer, a tablet computer, an e-reader device, a mobile 
device, a cellular phone, a Smartphone, a Smartwatch, a GPS 
system, a Blackberry(R) device, a portable computing device, 
a server, a computer workstation, a local area network of 
individual computers, an interactive kiosk, a personal digital 
assistant, an interactive wireless communications device, a 
handheld computer, an embedded computing device, an 
audio player, or the like. 

Other Systems 
0218. In addition to the systems illustrated and described 
above, the network 5616 may communicate with other data 
Sources and/or other computing devices. The computing 
system 5600 may comprise one or more internal and/or 
external data sources. In some implementations, one or more 
of the data repositories and the data sources may be imple 
mented using a relational database. Such as DB2, Sybase, 
Oracle, CodeBase, Microsoft(R) SQL Server, as well as other 
types of databases such as, for example, a flat file database, 
an entity-relationship database, and object-oriented data 
base, and/or a record-based database. 

EXAMPLE EMBODIMENTS 

0219. The following example embodiments identify 
Some possible permutations of combinations of features 
disclosed herein, although other permutations of combina 
tions of features are also possible. 
0220 1. A prosthetic capsular device system configured 
to be inserted in an eye, the system comprising: 

0221 prosthetic capsular device comprising: 
0222 an anterior Surface including an opening, and 
0223 a posterior surface, at least a portion of the 
posterior Surface comprising a refractive Surface; 
and 

0224 a technology device. 
0225 2. The system of embodiment 1, further comprising 
an intraocular lens positioned such that the technology 
device does not substantially interfere with sight lines 
through the intraocular lens. 
0226 3. The system of embodiment 2, wherein the tech 
nology device is configured to control a property of the 
intraocular lens. 
0227 4. The system of embodiment 3, wherein the con 
trolled property of the intraocular lens includes at least one 
of refractive capabilities, light transmission, UV transmis 
Sion, and accommodative properties. 
0228 5. The system of any one of embodiments 2-4, 
wherein the technology device forms an integral part of the 
intraocular lens, and wherein the technology device Sur 
rounds all or part of an outer perimeter edge of the intraocu 
lar lens. 
0229. 6. The system of any one of embodiments 1-5, 
wherein the technology device comprises at least one of a 
computer, a virtual reality device, a display device, an 
internet access device, a receiver, a game device, an image 
viewer, a projector, a global positioning system, an e-mail 
device, and a biometric sensor device. 
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0230 7. The system of embodiment 6, wherein the 
receiver comprises a digital data receiver. 
0231 8. The system of any one of embodiments 1-7, 
wherein the technology device comprises a power Source 
capable of being recharged from outside the eye. 
0232 9. The system of any one of embodiments 1-8, 
wherein the prosthetic capsular device comprises an exterior 
contour configured to mechanically maintain the prosthetic 
capsular device at a specific position within the eye. 
0233. 10. The system of embodiment 9, wherein the 
exterior contour is configured to extend into a ciliary Sulcus. 
0234 11. The system of any one of embodiments 9 and 
10, wherein the exterior contour comprises a flange extend 
ing radially outwardly from the opening. 
0235 12. The system of any one of embodiments 1-11, 
wherein the refractive surface includes at least one of the 
following optical and design qualities: concave, convex, 
spherical, aspheric, wavefront, multifocal diffractive, mul 
tifocal refractive, multifocal Zonal, accommodative, UV 
filtering, diffractive chromatic aberration reducing, and 
astigmatism correcting tonic form. 
0236 13. The system of any one of embodiments 1-12, 
wherein the technology device is configured to control at 
least one of the following properties of the prosthetic 
capsular device: light transmission, UV transmission, and 
heat insulation. 

0237 14. A method of operating on an eye, the method 
comprising: 

0238 inserting a prosthetic capsular device in the eye, 
the prosthetic capsular device including: 
0239 an anterior Surface including an opening, and 

a posterior Surface, at least a portion of the O240 post f t least a port f th 
posterior Surface comprising a refractive Surface; 
and 

0241 inserting a technology device in the prosthetic 
capsular device. 

0242 15. The method of embodiment 14, wherein the 
technology device comprises at least one of a computer, a 
virtual reality device, a display device, an internet access 
device, a receiver, a game device, an image viewer, a 
projector, a global positioning system, an e-mail device, and 
a biometric sensor device. 

0243 16. The method of any one of embodiments 14 and 
15, further comprising inserting an intraocular lens in the 
prosthetic capsular device, wherein after inserting the 
intraocular lens the technology device does not substantially 
interface with sight lines through the intraocular lens. 
0244 17. The method of any one of embodiments 14-16, 
wherein the technology device is configured to control one 
or more properties of the intraocular lens. 
0245 18. The method of embodiment 17, wherein the 
controlled properties of the intraocular lens includes at least 
one of refractive capabilities, light transmission, UV trans 
mission, and accommodation properties. 
0246. 19. The method of any one of embodiments 16-18, 
wherein the technology device forms an integral part of the 
intraocular lens, and wherein the technology device Sur 
rounds all or part of an outer perimeter edge of the intraocu 
lar lens. 

0247. 20. The method of any one of embodiments 14-19. 
wherein the technology device comprises a power Source 
capable of being recharged from outside the eye. 
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0248 21. The method of any one of embodiments 14-20, 
wherein inserting the prosthetic capsular device comprises 
inserting the prosthetic capsular device in a natural capsular 
bag of the eye. 
0249 22. The method of embodiment 21, further com 
prising, before inserting the prosthetic capsular device, 
removing a natural lens from the natural capsular bag, the 
natural lens including a posterior Surface at a location in the 
natural capsular bag before removing the natural lens, and 
wherein the prosthetic capsular device is dimensioned to be 
at a position that is at least one of Substantially identical to, 
measurably different than, and predictably different than the 
location of the posterior surface of the natural lens. 
0250) 23. The method of any one of embodiments 14-22, 
further comprising, before inserting the prosthetic capsular 
device, forming an anterior capsulorhexis in natural capsular 
bag of the eye, wherein inserting the prosthetic capsular 
device is through the anterior capsulorhexis. 
0251 24. The method of any one of embodiments 14-23, 
wherein the prosthetic capsular device includes an exterior 
contour configured to mechanically maintain the prosthetic 
capsular device at a specific position within the eye. 
0252) 25. The method of any one of embodiments 14-24, 
wherein the technology device is configured to control at 
least one of the following properties of the prosthetic 
capsular device: light transmission, UV transmission, and 
heat insulation. 
0253 26. A prosthetic capsular device for insertion into 
an eye holding a technology device. 
0254 27. A prosthetic capsular bag or capsular enclosing 
device, for insertion into the eye, which holds a miniaturized 
wearable electronic technology device. 
0255 28. A prosthetic capsular device for insertion into 
an eye, the prosthetic capsular device comprising: 

0256 an anterior Surface including an opening; 
0257 a posterior surface, at least a portion of the 
posterior Surface comprising a refractive surface; and 

0258 an external surface comprising form-fitting ele 
mentS. 

0259 29. The prosthetic capsular device of embodiment 
28, wherein the form-fitting elements comprise a plurality of 
tabs. 
0260 30. The prosthetic capsular device of embodiment 
29, wherein the plurality of tabs are substantially continuous 
along an outer rim of the external Surface. 
0261 31. The prosthetic capsular device of any one of 
embodiments 29 and 30, wherein at least one of the tabs 
comprises an opening through which fibrosis can take place. 
0262. 32. The prosthetic capsular device of any one of 
embodiments 29 and 30, wherein each of the tabs comprises 
an opening through which fibrosis can take place. 
0263. 33. The prosthetic capsular device of any one of 
embodiments 28-32, wherein the form-fitting elements com 
prise at least one of silicone, silicone derivatives, acrylic, 
acrylic derivatives, PMMA, olefin, polyimide, and collamer. 
0264. 34. The prosthetic capsular device of any one of 
embodiments 28-33, further comprising an internal lip or 
Sulcus configured to secure haptics of an intraocular lens in 
the device. 
0265 While the methods and devices described herein 
may be susceptible to various modifications and alternative 
forms, specific examples thereof have been shown in the 
drawings and are herein described in detail. It should be 
understood, however, that the invention is not to be limited 
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to the particular forms or methods disclosed, but, to the 
contrary, the invention is to cover all modifications, equiva 
lents, and alternatives falling within the spirit and scope of 
the various implementations described and the appended 
claims. Further, the disclosure herein of any particular 
feature, aspect, method, property, characteristic, quality, 
attribute, element, or the like in connection with an imple 
mentation or embodiment can be used in all other imple 
mentations or embodiments set forth herein. Any methods 
disclosed herein need not be performed in the order recited. 
The methods disclosed herein may include certain actions 
taken by a practitioner; however, the methods can also 
include any third-party instruction of those actions, either 
expressly or by implication. For example, actions such as 
“inserting an intraocular lens into a prosthetic capsular 
device' include “instructing the insertion of an intraocular 
lens into a prosthetic capsular device.” The ranges disclosed 
herein also encompass any and all overlap, Sub-ranges, and 
combinations thereof. Language such as “up to.” “at least.” 
“greater than,” “less than.” “between,” and the like includes 
the number recited. Numbers preceded by a term such as 
“about' or “approximately' include the recited numbers and 
should be interpreted based on the circumstances (e.g., as 
accurate as reasonably possible under the circumstances, for 
example+5%, +10%, +15%, etc.). For example, “about 3.5 
mm includes “3.5 mm.” Phrases preceded by a term such 
as “substantially' include the recited phrase and should be 
interpreted based on the circumstances (e.g., as much as 
reasonably possible under the circumstances). For example, 
“substantially constant includes “constant.” 
What is claimed is: 
1. A prosthetic capsular device system configured to be 

inserted in a natural capsular bag of an eye after removal of 
a lens, the system comprising: 

a technology device comprising: 
an intraocular pressure sensor, 
a battery; 
a processor, and 
a wireless transmitter, and 

a housing structure configured to contain the technology 
device, the housing structure including: 
a longitudinal axis; 
a posterior side comprising a refractive Surface; 
an anterior side opposite the posterior side, the anterior 

side including an opening having rounded edges; 
lateral sides extending between the posterior side and 

the anterior side; and 
a cavity at least partially defined by the posterior side, 

the anterior side, and the lateral sides, the cavity 
configured to contain the technology device and an 
intraocular lens, the opening configured to allow 
objects to be inserted into and removed from the 
cavity, the technology device capable of being 
inserted into the cavity of the housing structure 
through the opening and being positioned Surround 
ing an outer edge of the refractive surface, 

an exterior Surface of the housing structure comprising 
a straight-walled portion extending parallel to the 
longitudinal axis from the posterior side towards the 
anterior side and the exterior Surface of the housing 
structure tapering radially inwardly from the 
straight-walled portion to the opening; 

a ring structure extending radially outward of the exterior 
Surface of the housing structure; and 
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an insulation structure configured to thermally insulate an 
eye from heat produced by the technology device 
contained in the cavity of the housing structure. 

2. The system of claim 1, wherein the processor is 
configured to collect data from the intraocular pressure 
sensor and to instruct the wireless transmitter to wirelessly 
transmit the data. 

3. The system of claim 2, wherein the technology device 
is configured to transform the data before transmission. 

4. The system of claim 2, wherein a smart device is 
configured to receive the data from the technology device. 

5. The system of claim 4, wherein the smart device is 
configured to transform the data to a format usable in a 
health care decision. 

6. A prosthetic capsular device system configured to be 
inserted in a natural capsular bag of an eye after removal of 
a lens, the system comprising: 

a technology device comprising: 
an intraocular pressure sensor; 
a power source; and 
a processor, 

a housing structure capable of containing the technology 
device, the housing structure including: 
a longitudinal axis; 
a posterior side comprising a refractive Surface; 
an anterior side opposite the posterior side, the anterior 

side including an opening: 
lateral sides extending between the posterior side and 

the anterior side, the lateral sides including: 
a first arcuate portion; and 
a second arcuate portion opposite the first arcuate 

portion; and 
a cavity at least partially defined by the posterior side, 

the anterior side, and the lateral sides, the cavity 
capable of containing the technology device and an 
intraocular lens, the opening configured to allow 
objects to be inserted into and removed from the 
cavity, the technology device capable of being 
inserted into the cavity of the housing structure 
through the opening and being positioned Surround 
ing an outer edge of the refractive surface; and 

a ring structure extending radially outward of the housing 
Structure. 

7. The system of claim 6, wherein the technology device 
further comprises a wireless transmitter, wherein the pro 
cessor is configured to collect data from the intraocular 
pressure sensor and to instruct the wireless transmitter to 
wirelessly transmit the data. 

8. The system of claim 6, wherein an external device is 
configured to receive data from the technology device. 

9. The system of claim 8, wherein the external device is 
configured to transform the data to a format usable in a 
health care decision. 

10. The system of claim 6, further comprising an insula 
tion structure configured to thermally insulate an eye from 
heat produced by the technology device contained in the 
cavity. 

11. A prosthetic capsular device system configured to be 
inserted in a natural capsular bag of an eye after removal of 
a lens, the system comprising: 

a technology device comprising a biometric measurement 
device; and 

a housing structure capable of containing the technology 
device, the housing structure including: 



US 2016/0338825 A1 

a posterior side; 
an anterior side opposite the posterior side, the anterior 

side comprising an opening: 
lateral sides extending between the posterior side and 

the anterior side; and 
a cavity at least partially defined by the posterior side, 

the anterior side, and the lateral sides, the opening 
configured to allow objects to be inserted into and 
removed from the cavity, the cavity capable of 
containing the technology device, the technology 
device capable of being inserted into the cavity of the 
housing structure through the opening. 

12. The system of claim 11, wherein the biometric mea 
Surement device comprises an intraocular pressure sensor. 

13. The system of claim 11, wherein the biometric mea 
Surement device comprises a glucose level sensor. 

14. The system of claim 11, further comprising an insu 
lation structure configured to thermally insulate an eye from 
heat produced by the technology device contained in the 
cavity. 
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15. The system of claim 11, wherein the posterior side 
comprises a refractive surface, and wherein the technology 
device is configured to Surround an outer edge of the 
refractive surface. 

16. The system of claim 11, wherein the technology 
device further comprises a wireless transmitter, wherein the 
technology device is configured to collect data from the 
biometric measurement device and to wirelessly transmit the 
data using the wireless transmitter. 

17. The system of claim 11, wherein the technology 
device further comprises a projector. 

18. The system of claim 11, wherein an external device is 
configured to receive data from the technology device. 

19. The system of claim 18, wherein the external device 
comprises a Smartphone or a Smartwatch. 

20. The system of claim 18, wherein the external device 
is configured to transform the data to a format usable in a 
health care decision. 


